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THE RELATIONSHIP BETWEEN THE HYDIKX'.EN-ION 
CONCENTRATION AND THE BACTERIAL 
CONTENT OF COMMERCIAL MILK 

EDWIN W. SCHUETZ, ALBERTA MAllX, and HAROLD J. BEAVER 

From tht Department of Hacteriology arid Experimental Pathology , Stanford 
E n iverailyy California 

During the s\umner of 1916 the senior author, while working 
in the department of pediatrics of the Johns Hopkins University, 
began studies to determine the relationship between the hydrogen 
ion concentration and the bacterial count of cows’ milk. The 
work then interrupted has recently been continued. The object 
of this paper is to i)rcsent the methods employed and the results 
thus far obtained. 

The hydrogen-ion concentration of fresh cows’ milk and also 
that of sour milk, in other words, the range of acidity, has already 
been determined by a number of workers. Its pH runs from 
approximately 6.8, for fresh milk, to 4.6, for completely soured 
milk. On the basis of these facts standard solutions covering 
this particular range of acidity were prepared. 

PliEPARATION OF STANDARDS 

The standard solutions are prci)ared by mixing in certain 
proportions fifteenth molecular solutions each of acid potassium 
phosphate and alkaline sodium phosphate. Thcvse initial solu- 
tions are prei>arod as follows: (a) Fifteenth mole(Hilar solution 
of acid potassium phosphate is prepared by dissolving 9.078 
grams of the pure, recrystallized salt (KHJPO4), in distilled water 
and making it up to 1 liter, (b) Fifteenth molecular solution 
of alkaline sodium phosphate is prepared by dissolving 11.876 
grams of the pure, recrystallized, anhydrous, salt (Na 2 HP 04 2HaO) 
in distilled w^atcr and making it up to 1 liter. These solutions 
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are then mixed in the proportions indicated in the following 
tabulation : 

Tabulation of mixtures 


pH 



7 

0 

6 

9 

6 

8 

6 7 

6 

6 

6 

.5 

6.4 

I 6.3 

Acid pottissiiim phosphate, 

cc . ... 

37 

00 

44 

00 

50 

50 

56 67 

62 

67 

68 

50 

73 00 

77 

50 

Alkaline sodium phosphate, 

cc,. .| 

6:3 

00 

56 

00 

49 

50 

43 33 

37 

33 

31 

50 

27 00 

22 

50 









pH 









6 

2 

6 

1 

6 

0 

6.9 

5 

8 

5 

7 

5.0 

1 5 

5 

Acid potassium phosphate, i 

I'C . . . . 

81 

25 

m 

25 

87 

(K) 

!X) 00 

91 

50 

1 _ 

93 

25 

94 75 

95 

67 

Alkaline sodium phosphate, 

cc. . 

18 

75 

15 

Ji 

13 


10 00 

8 

50 

C 

75 

5 25 

4 

;33 


pH 





5 4 

1 5 3 

s > 

Acid potassium phosphate, cc 



«) .toIq? 34 

97 75 

Alkaline sodium phosphate, cc 



3 50 

1 2 66 

! 2 *’5 





From 5.2 to 4 4 IMithalate-NaOII niivturcs are employed 






pH 




5 2 

5 0 

48 

4 6 

4 4 

m/5 KII IMithalate, cc. . . 

50 00 

50 00 

50 (K)l 

50 00 

50.00 

m/5 NaOll, cc 

29 95 

23 8.5 

17.701 

1 

12 15 

7 .50 


Each one of the Idithalate-NaOH mixtures is then diluted to 
200 cc. A M O KH Phthalate solution contains 40.828 grams of 
the pure salt in 1 liter. Th(!i m,'o should be prepared as free as 
possible from carbonates. 

rhe standard solutions thus made may be set aside and used 
as required in the prej)aration of fresh colorimetric standards 
to be described presently. All the glass used in the preparation 
and preservation of the standard solutions should be alkali free, 
such as Jena, Non-sol, or Pyrex. A crystal or two of thymol 
should be added to the solutions to prevent the growth of molds. 

From the stock solutions a set of standard tubes covering the 
range from 6.8 to 4.6 is next prepared. A convenient size of 
tube to use for this purpose is one measuring 10 by 110 mm. 
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To each tube is added 2 cc. of the standard solution, each tube 
being carefully labeled with the pH it represents. To the entire 
series is then added an equal amount of indicator per tube. Two 
indicators are required to cover the range from 6.8 to 4.6. Brom- 
thymol blue is used from 6.8 to (>.0 and methyl red from 6.0 to 
4.6. Enough of either indicator is added to give the most 
pronounced color changes in the range for which it is employed, 
usually one-tenth the volume of the standard solution is 
sufFicicnt. 

PREPARATION OP INDICATOR SOLUTIONS 

Brom-thymol blue (dibromthymolsulphonephthalein) is pre- 
pared by adding 1 decigram of the powder to 3.2 cc. twentieth 
normal sodium hydroxide. This is warmed and agitated until 
the powder goes into solution and sufficient distilled water is 
added to make 15 cc. This constitutes the stock solution. The 
test solution is prepared by diluting the stock solution with 30 
volumes of distilled water. 

Methyl red (orthocarboxybenzeneazodimethylaniline) is pre- 
pared by dissolving 1 decigram of the powder in 300 cc. of alcohol 
and diluting to 500 cc. with distilled water. 

PREPARATION OP DIALYSER SACS 

To prepare the collodion sacs for dialysing the milk 1 ounce 
of collodion (j\jithony’s negative cotton) is dissolved in 500 cc. 
of a mixture of eqvml quantities of ether and ethyl alcohol. The 
solution should stand for several days, at which time the clear 
supernatent fluid is ready for use. A small test tube (9 by 120 
nun.) is filled -with the collodion, inverted, and half its contents 
poured out. The tube is then righted and the collodion allowed 
to fill the lower half again. It is inverted again and rotated on 
practically its vertical axis, thereby draining off the excess 
collodion. The tube is then clamped in an inverted position and 
allowed to stand until the odor of ether has disappeared. There- 
upon it is filled several times with cold water and, after loosening 
the upper rim with the aid of a knife blade, is removed with gentle 
traction. The sacs should be preserved by complete immersion 
in water. 
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TECHNIC OP THE METHOD 

The method of determining the hydrogen-ion concentration 
of the milk consists of putting about 1 cc. of milk in the sac and 
lowering it into a test tube of the same diameter as those used 
for the standards and containing 2 cc. of normal (0.8 jier cent) 
salt solution of a neutral reaction. It requires five minutes for 
dialysis to take place. The sac is then removed, the same amount 
of indicator used in the standards is added and thoroughly mixed. 
The reading is made by comparing the tube with the series of 
standard tubes until the corresponding color is found. This is 
done with the aid of a simple comparator having a white glass 
background and in the presence of good light. 

BACTERIAL COUNTS 

The bacterial counts were made in accordance with the stand- 
ard methods set forth by the American Public Health Association 
in 1916. The milk was plated in each instance immediately 
after the pH readings were made. The milk used was from 
a city dairy receiving milk from a number of sources. 

RESULTS 

The results thus far obtained are given on the following chart. 
The curve represents the averages of the bacterial counts obtained 
for each pH from 6.8 to 4.6. More determinations would make 
it, when considered together with the variations in the counts 
at a given pH, of greater interest and significance. 

DISCUSSION 

The results thus far obtained do not permit the drawing of 
definite conclusions. It is suggestive, however, that at a pH 
of 6.6 the coimt begins to run high, averaging 16,000,000; at 
6.5 reaching an average of 100,000,000, etc., though at these pH 
readings the acidity cannot be detected by taste. The acidity 
is first detectable by taste at about a pH of 6.0. 
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From these observations it seems possible that with further 
determinations a curve of average counts for the range of acidity 
will be obtained which shall be of value in estimating the number 
of bacteria in milk, a matter of a few minutes rather than hours 
required for actually making bacterial counts. This method 
would therefore be of value in children’s institutions and other 
places where it is of importance to determine immediately the 
quality of milk before its consumption. 



GRADING MILK BY THE ACID TEST: INFLUENCE OF 
ACIDS IN THE RATION ON THE ACIDITY 
OF MILKi 

H. H. SOMMER and E. B. HART 

Department of Dairy Husbandry and Agricultural Chemistry f University of PTtV 
consinf Madison j Wisconsin 

In grading milk by means of the acid test, milk with an acidity 
of over 0.18 per cent is usually rejected. This practice has 
revealed a number of herds where the acidity of the fresh milk 
is greater than 0.18 per cent (1), (2), (3). In some of these cases 
attempts have been made to lower the acidity by a change in 
the ration; farmers have been advised to quit feeding silage or 
bran. This raises two questions: 

First: Is milk with a high apparent acidity (over 0.18 per 
cent) undesirable? 

Second: Is the acidity of the milk influenced by acids, organic 
or inorganic, in the ration? 

IS MILK WITH A HIGH APPARENT ACIDITY UNDESIRABLE? 

The practice of rejecting milk with a high acidity is used most 
commonly by condenseries to guard themselves against losses 
as a result of coagulation on sterilizing the evaporated milk. 
It is undoubtedly true that milk that has a high acidity due to 
fermentation will not withstand sterilization; and it is only just 
that such milk should be rejected. However it does not follow 
that fresh milk with a high apparent acidity is also imdesirable. 
On the contrary it has been shown by Sommer and Hart that 
there is no relation between apparent acidity and the heat 
coagulation under pressure at 136°C. (4). 

The following table is reproduced to illustrate this fact. 

Out of the 86 samples of fresh milk ranging in acidity from 
0.102 to 0.257 per cent, 45 had an acidity of over 0.18 per cent, 

* Published with the pennission of the Director of the Wisconsin Agricultural 
Experiment Station, 
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and 41 below 0.18 per cent. Of the 45 samples above 0.18 per 
cent in acidity, 23 coagulated within twenty minutes when 
heated under pressure to 136°C. ; and of the 41 samples below 0.18 
per cent 19 coagulated. This indicates that there is no relation 
between apparent acidity and coagulation. 

The apparent acidity, due to the acid salts and casein, is not 
an index to the hydrogen ion concentration in the milk. A 
high apparent acidity does not indicate a high hydrogen ion 
concentration, and does not in any case cause a sour taste or 
odor. A sample of milk from the University herd with an acidity 
of 0.257 per cent did not taste or smell sour. Knowing what the 
apparent acidity is due to, we do not expect such a sample of 
milk to taste sour. 


TABLE 1 

Summary of titratahle acidity and coagulation 


DATS 

TOTAL 

SAMPLES 

ACIDITT ABOVE 0.18 PSB CENT 

AOtDITT BELOW 0.18 PBB CENT 

Number of 
samples 

Number 
coagulating in 
20 minutes 

Number of 
samples 

Number 
coagulating in 
20 minutes 

May 8 

26 



11 

6 

May 10 

30 



16 

7 

May 16 

30 


HQIII 

14 

6 

Total 

86 

45 

23 

41 

19 


We can conclude that, milk with a high apparent acidity is 
not undesirable. There is no justification for rejecting such 
milk if normal in other respects; and there is no object in attempt- 
ing to lower the acidity by a change in the ration. 

CAN THE ACIDITY OP THE MILK BE INFLUENCED BY ACIDS IN THE 

RATION? 

The question of whether or not the organic acids ofsilf^e 
increase the acidity has been studied, and the results showed 
clearly that there is no influence (5). However, the inorganic 
acids, that can not be eliminated from the body by oxidation, 
might cause a rise in the acidity of the milk. To offer experi- 
mental data on this point the following experiment was conducted. 
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EXPERIMENTAL 

Sulphuric acid was added to the ration of a normal healthy 
cow of the University herd. The titratable acidity, hydrogen 
ion concentration, and coagulation of the milk, and the reaction 
of, and distribution of nitrogen in the urine were carefully 
studied. 

The original ration consisted of 30 pounds of silage, mixed 
hay, and 12 pounds of grain mixture. In feeding the acid, the 
30 pounds silage was replaced by a mixture consisting of 16 
pounds silage, 6 pounds dry com stover, and 9 pounds water 
plus the sulphuric acid. The following table gives the results. 

From the above data it is seen that even 120 cc. of concentrated 
sulphuric acid given daily did not produce a change in the acidity 
of the milk. The hydrogen ion concentration of the milk also 
remained constant, although the urine became distinctly acid. 
The urine was distinctly alkaline before the acid was fed, having 
a pH of 8.21 and only 0.27 per cent of the nitrogen in the form 
of ammonium salts. During the experiment the urine became 
distinctly acid having a pH of 5.83 on January 19, and 6.35 per 
cent of the nitrogen in the form of ammonium salts on January 
16. This shows that the acid was absorbed into the blood stream 
and that it required a distinct effort to eliminate it. From these 
data we can conclude that the ration does not influence the acidity 
of the milk. 

A SUGGESTED MODIFICATION IN THE USE OF THE ACID TEST 

We are confronted with these two facts; (1) the high apparent 
acidity of milk is not undesirable, and (2) even if it were, it could 
not be reduced by a change in the ration. We should, therefore, 
use a test in grading milk which will not reject normal fresh 
milk with a high apparent acidity. 

The ideal test for grading milk should be a measure of the 
extent to which the normal milk has undergone change. The 
acid test as it is now used is not such a measure, it merely meas- 
ures acidity without differentiating between apparent acidity 
and acidity due to fermentation. However, it could be modified 
to approach the ideal test. 



TABLE 2 

Data on reaction of milk and urine 


DATS 


MII.K 

uRmu 


Titrat- 

able 

acidity 

pH 

Coagu- Time jj 

lation voided 

Percent Percent 
ammo' of total 
niacal N as 

N NH. 




minutes 


December 12 

0 132 

6 76 

20- 


December 19 

0 132 

6.745 

20- 


December 20 

0 128 

6.75 

20- 


December 23 

0.132 

6 75 



December 24 

0.139 

6 78 

20- 


December 26 

0.124 

6 765 

20- 

i 

December 27 

0 124 

6 76 

20- 


December 28 

0.128 

6.75 



December 29 

0.128 

6.76 

20- 4.30 a.m. 8.21 161 

0 0044 0 27 


Changed from original ration, giving 30 cc. of concentrated sulphuric acid daily 


December 30 0 . 128 6 77 

December 31 0 . 128 6 . 78 

January 2 0 139 6 75 20— 

January 3 0.132 6.78 20- 2.15 p.m. 7.30 1.84 0 0086 0 47 

January 4 0 128 6.82 


Increased to 40 cc. of concentrated sulphuric acid 


January 5 0 135 6 77 

January 6 0 132 0 75 

January 7 0.130 6 77 4.30 a. rn. 7 98 1 25 0.0036 0.28 


January 8 0 132 6 77 ^ 


Increased to 80 cc. of concentrated sulphuric acid 


January 9 0.132 6.75 

January 10 0.132 6 76 2.00 p.m. 6 897 1.03 0.004 0.39 

January 10 0 132 6 74 

January 11 0.132 6 76 

January 12 0.135 6 73 2.15 p.m. 6 072 0 946 0 0244 2.5 

January 13 0.132 6 725 20- 

January 14 0 135 6 72 


Increased to 120 cc. concentrated sulphuric acid 

January 15 0.135 6 70 

January 16 0.132 6 70 20- 4.00p.m. 6.102 0.672 0.0424 6.35 

January 17 0 132 6.70 

January 19 0.128 6.76 4.30 a.m. 5 83 1 3310.0468 3.50 

January 20 0.12S 6.73 20— 4.30 p.m. 5.94 0.93 0.0296 3.18 

January 21 0 128 6.78 

Changed back to original ration 

January 22 0.135 6.73 

January 24 0 128 6.76 20— 

January 26 0 117 6 78 
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The following procedure is suggested, especially in cases where 
the acidity is persistently high and veiy evidently due to a 
high apparent acidity. 

1. Determine the apparent acidity of the milk at intervals of 
several weeks. The acidity runs quite constant. 

2. Allow an increase in acidity (e.g., 0.03 per cent) due to 
slight fermentation that is likely to occur before delivery. 

3. If the apparent acidity at the farm was 0.17 per cent then 
reject the milk if the acidity exceeds 0.20 (0.17 + 0.03). 

SUMMARY AND CONCLUSIONS 

1. Milk with a high apparent acidity is not undesirable. 

2. The acidity of the milk is not influenced by the ration. 

3. In cases where the high acidity of the milk delivered is due 
to a high apparent acidity and not to fermentation, the acid 
test should be so modified that it will accept such milk. 
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THE VALUE OF THE PUREBRED SIRE IN INCREASING 
THE PRODUCTION OF A SCRUB HERD* 

ANDREW C. McCANDLISH 

Dairy Husbandry Section, Agricullurcd Experiment Station, Ames, Iowa 

Preliminary reports from the Iowa Station have shown the 
profound influence of environment and breeding in increasing 
the production of a scrub herd and the results which have become 
available since the publication of these reports further emphasize 
the purebred dairy sire as a valuable factor in increasing the 
producing ability of a herd. 

PLAN OP INVESTIGATION 

In the summer of 1907 a number of scrub cows were piurchased 
in Arkansas and moved to the Iowa Station. These animals 
were very inferior individuals and had received very poor feed 
and care. They were of no known breeding, were very unpre- 
possessing in appearance and gave no indications of being valu- 
able dairy animals. The influence of good feed and care on the 
production of these animals was studied, as has already been 
reported and at the same time they were used in the breeding 
investigation. 

The scrub cows were mated to purebred dairy bulls of the 
Holstein, Guernsey and Jersey breeds. The heifers, resulting 
from such matings were saved and mated to bulls of the same 
breed as their sires. Milk and butterfat records have now 
been obtained on two generations of grades and some of the 
third generation, or those carrying 87| per cent of the blood of 

1 This is supplementary to work already published, viz. : 

Influence of Environment and Breeding in Increasing Dairy Production. 
1916. H. H. Kildee and A. C. McCandlish, la. Ag. Exp. Sta. Bui. 165. 

Influence of Environment and Breeding in Increasing Dairy Production, II. 
A. C. McCandlish, L. S. Gillette and H. H. Kildee, la. Ag. Exp. Sta. BuL 188, 
1919. 
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the recognized dairy breeds, are now in the herd, though their 
production records are not as yet available. 

The records used in comparing the scrub, half-blood, and 
three-quarter-blood cows are all on the mature basis. If a heifer 
has only one record, it is calculated to the mature basis; where 
more records are available, then they are placed on the mature 
basis and the average of the records secured. For computing 
the record on the mature basis, the following percentages secured 
at this station from a study of the records of 10,000 cows were 
used. 

TABLE I 


Percentage of mature production expected of immature heifere 


AGB 

PBB CSNT 

Yearlings 

70 

Two-year-olds 

80 

Three-year~oIds 

85 

Four-year-olds 

95 



The factors studied in this investigation are of a very varied 
character but only those relating to the use of purebred dairy 
sires need be mentioned here. 

DISCUSSION OF RESULTS 

A number of grade animals sired by purebred bulls and 
descended from the scrub cows have now completed records. 
These will be studied in two groups — the first generation grades, 
or those carrying 50 per cent of the blood of one of the recognized 
dairy breeds, and the second generation grades, or those carrying 
75 per cent of the blood of one of those breeds. The only way 
to determine correctly the value of a bull is to compare the 
records of his daughters with those of their dams, though there 
are difiSculties connected even with this method as will be shown 
later. This method can not be used for the purposes of com- 
paring breeds as all bulls were not mated with the same cows 
and so were not given equal opportunities to demonstrate their 
aMlities as sires of producers. 
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FIRST GENERATION GRADES 


All the first generation of grades sired by a purebred Holstein 
bull showed an increase over their dams in milk andbutterfat 
production. The increase varied from 38 per cent in fat and 79 
per cent in milk to 68 per cent in fat and 121 per cent in milk, 
while on the average it was an increase of 89 per cent in milk and 
58 per cent in fat. 

TABIJE 2 

First generation grades compared xvith their scrvh dams 


DAMS 

DAITGBTKIia 

i 

INCREASB IN 
PRODUCTION 

Cow 

number 

Number 
of lacta- 
tions 

Milk 

Fat 

Cow 

number 

Number 
of lacta- 
tions 

Milk 

Fat 

Milk 

Fat 




Holsleins 




pounds 

pounds 



pounds 

pounds 

per cent 

per cent 

8 

3 

2339.5 

124,35 

68 

3 

5180.0 

209.61 

121 

68 

52 

7 

3742.3 

169.16 

69 

5 

6700.5 

282.11 

79 

67 

56 

3 

3874.6 

192.62 

77 

6 

6955.5 

266.25 

79 

38 

60 

6 

3313.2 

178.47 

207 

4 

6306.2 

287.76 ! 

90 

61 


Guernseys 


6 

8 

3715.3 

164.93 

110 

3 

3821.1 

163.05 

3 

-1 

31 

7 

3463.3 

168.00 

288 

2 

5400.8 

308.99 

56 

84 

33 

3 

4338.5 

183.49 

87 

4 

4213.1 

179.72 

-3 

-2 

52 

7 

3742.3 

169.16 

308 

2 

5355.9 

280.78 

43 

66 

53 

7 

5258.9 

233.63 

180 

3 

3639.0 

180.53 

-31 

-23 

n 




253 

3 

6128.4 

298.33 

17 

28 

58 

3 

3034.5 

152.54 

175 

3 

6286.1 

322.71 

107 

113 


Jerseys 


31 

7 

3463 3 


174 




45 

57 

53 

7 

5258.9 


213 




-19 

-3 

'60 

6 

3313.2 

178.47 

241 

2 

6137.9 

349.42 

85 

96 


In the case of the first generation of Guernsey grades, an even 
wider variation was noticed. It varied from a decrease of 31 
per cent in milk and 23 per cent in fat, due to the use of a poor 
bull, to an increase of 107 per cent in milk and 112 per cent in 
fat yield. The Guernsey first grade group contained animals 
that showed the greatest increase and also the greatest decrease 











VALUE OP THE PUKEBEED SIEE 


15 


in fat production from their dams. The average increase in 
3 rield was 17 per cent in milk and 27 per cent in butterfat. 

The first grade Jerseys showed changes in production as com- 
pared with their dams that varied from a decrease of 19 per 
cent in milk and 3 per cent in fat to an increase of 85 per cent in 
milk and 96 per cent in butterfat. The average increase 
in their case was 22 per cent in milk and 34 per cent in fat pro- 
duction. 

TABLE 3 

Averages for first generation grades and their scrub dams 


GKOtTP 

4 

DAMS 

DAUOHTEna 

INCREASSI IN 
PRODUCTION 

Num- 
ber of 
COWB 

Num- 
ber of 
lacta- 
tions 

Milk 

Fat 

Num- 
ber of 
cows 

Num- 
her of 
lacta- 
tions 

Milk 

Fat 

Milk 

Fat 




pounds 

pounds 



pounds 

pounds 

per cent 

per cenf 

Holstein. . . . 

4 

19 

3406.2 

168.74 

4 

18 

6444.4 

265 92 

89 

58 

Guernsey . . . 

6 

35 

4186.0 

189.39 

7 

20 

4899.8 

240.96 

17 

27 

Jersey 

3 

20 

4046 7 

19-4.11 

3 

9 

4933.4' 

265 88 

22 

34 

Average. . . 

9 

47 

3968 6 

ia5.66 

14 

47 

5497.8 

255.32 

39 

37 


All of the first generation grades when taken as a group showed 
an increase of 39 per cent in milk and 37 per cent in fat produc- 
tion as compared with their dams. 

SECOND GENERATION GRADES 

The grades of the second generation ranked high in produc- 
tion, yielding on the average 375.81 pounds of fat per year as 
compared with a production of 261.93 pounds by their first 
grade dams and 182.40 pounds by their scrub grand-dams. In 
every case the production of the second generation grades was 
at least 50 per cent greater than that of their scrub grand-dams. 

The average increase in production for the second generation 
Holstein grades as compared to their scrub grand-dams was 
174 per cent in milk and 130 per cent in fat; the increase was 
72 per cent in mfik and 94 per cent in fat in the case of the 
Guernsey grades; and for the Jersey second grades it was 59 
per cent in milk and 64 per cent in fat production. 



TABLE 4 

Txdo generntiom of grades compared with their scrub ancestors 
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TABLE 6 

Averages for two generations of grades and their scrub ancestors 
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0 

1 
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« 
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i 
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CO Cfe CO 

1 - 

106 

Milk 

•g 

* ffSS 

1 

CD 

1-t 

T-( 
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generation 

Fat 

per cent 

65 

15 

73 


Milk 

per cent 

8 

61 

s 

a 

n 

e 

0 

1 

s 

< 

0t 

o 

Fat 

1 5? ?5 8 

liii 

QO 

Milk 

poundt 

10063.2 

7744.9 

5389.2 

8 

Num- 
ber of 
lacta- 
tions 

0> 00 C<l 


Num- 
ber of 
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lO »0 M 
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H 
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& 

< 

Q 

Fat 
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igli 

r- 

Num- 
ber of 
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S 
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1 8 

s 

g 
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Num- 
ber of 
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2 $2 ^ 

8 

Num- 
ber of 
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CO eo c<i 

1> 

1 

Q 
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Guernsey 
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The average increase in production, for the second generation 
of grades, when all breeds are combined, was 116 per cent in 
millf and 106 per cent in fat production — a real tribute to the 
value of the purebred dairy sire. 

POTENCY OF SIRES USED 

The importance of the purebred dairy sires has been demon- 
strated by the work under consideration but another fact of 
value has also been brought out. 

A comparison of the two Guernsey bulls that sired the first 
generation of Guernsey grades shows that there is a great dif- 
ference in the value of bulls so far as their ability to sire good 
producing heifers is concerned. 


TABLES 

Daughters of **Fullwood Hopeful* * compared ynth their scrub dams 


DAMB 

DAUOHTERA 

IKCREABB IN 
PBODUfTTION 

Cow 

number 

Number 
of lactft- 
tions 

Milk* 


Cow 

number 

Number 
of lacta- 
tions 

Milk 

Fat 

] 

Milk 

Fat 



1 pounda 

pounds 



poufids 

pounds 

pet cent 

pet cent 

6 


3715.3 

164.93 

110 

3 

3821.1 

163.05 

3 

-1 

33 


4338.5 

183.49 

&7 

4 

4213.1 

179.72 

-3 

-2 


The purebred Guernsey bull “Fullwood Hopeful” had two 
daughters which averaged only 4045.1 pounds of milk and 
172.58 pounds of butterfat while their dams produced nearly as 
much or 3885.2 pounds of milk and 1 69.99 pounds of fat. 


TABLE 7 

Daughters of Imp. Rouge IDs Son compared mth their scrub dams 


DAMB 

DAUOHTBBB 

INORBASS IN 
PRODUCTION 

Cow 

number 

Number 
of laota- 
tions 

MUk 

Fat 

Cow 

number 

Number 
of lacta- 
tions 

Milk 

Fat 

Milk 

Fat 



pounds 

pounds 



pounds 

pounds 

per cent 

per cent 

31 

7 



'288 

2 


308.99 

56 

84 

52 

7 

3742.3 

169.16 

308 

2 

5355.9 

280.78 

43 

66 

53 

7 

5258.9 

233.63 

180 

3 

3639.0 

180.53 

-31 

-23 





253 

3 

6128.4 

298.33 

17 

28 

58 

3 


152,54 

175 

3 

6286.1 

322.71 

107 

112 
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On the other hand. Imp. Rouge II’s Son demonstrated his 
ability to sire good producing cows, his five daughters averaging 
5360.1 pounds of milk and 275.71 pounds of fat while their dams 
produced only 4295.6 pounds of milk and 194.05 pounds of fat. 


TABI.E 8 

A comparison of two Guernsey bulls — Imp, Rouge IPs Son and ^‘Fullwood HopefiiV 





t>AMH 


DADOllTEKS 

INCBEASe tS 
PRODverron 

B r>LL 

Number of 
rows 

N umber of 
lactations 

M 

S 

£ 

Number of 
cows 

Number of 
lactations 

£ 

1 

tSi 


ca 

b. 


1 


pounds 

pounds 



pounds 

pounds 

per 

ceni 

per 

ceni 

‘M'ullwood Hopeful”. . 

2 

11 

3885 2 

169. 99i 

2 

7 

404.5 1' 

172. 5S 

4 

2 

Imp. Rouge II’s Son 

i 

24 

4295 G 

194 05 

5 

13 

5360 1 

275.71 

25 i 

43 


The bull “Fullwood Hopeful” sired daughters which produced 
only 2 per cent more butterfat than did their scrub dams and 
consequently can be looked on as having done nothing to improve 
the production of the herd. On the other hand Imp. Rouge ll’s 
Son was of considerable value as his daughters produced 43 
per cent more butterfat than did their scrub dams. This instance 
shows that even a purebred dairy sire should be carefully chosen 
if the results are to be entirely satisfactory. 


TABLE 9 

Threc-^uarlcr-blood daughters of Imp. Rouge IPs Son compared with their dams 


DAMS 

DAUOHTKKR 

INCRBABE IN 
PUODUCTION 

Cow 

number 

Number 
of lacta- 
tions 

.Milk 

Fat 

Cow 

number 

Nurnlier 
of lacta- 
tions 

Milk 

Fat 

Milk 

Fat 



pounds 

pounds 



pounds 

pounds 

per cent 

per rent 

87 

4 

4213.1 

179.72 

236 

2 

6345.7 

320.16 

51 

7S 





296 ‘ 

2 

10283.0 

491.74 

144 

174 


In studying the second generation of Guernsey grades inter- 
esting information is also evident regarding the value of the 
bulls used. The bulls Imp. Rouge H’s Son, and Rouge IFs 
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Holden were half brothers, both being out of the cow Imp. 
Rouge II of the Brickfield, and Rouge of Ames was a son of 
Imp. Rouge II's Son. The close relationship of these bulls 
renders this study interesting. 


TABr.E 10 

Tkree-quarter-’blood davgkters of Rouge IPs Holden compared vnih their dams 


»AMS 

OAUGHTlBRfl 

INCRICAIIV IN 
PRODXJCTrON 

Cow 

II limber 

Number 

of 

tions 

Milk 

Fftt 

Cow 

number 

Number 
of lacta* 
tions 

Milk 

Fat 

Milk 

Fat 



pounds 

pounds 



pounds 

pounds 

per cent 

per cent 

175 

3 

6286.1 

322.71 

343 

1 

8521.8 

4.35.85 

36 

.35 


Imp. Rouge II’s Son had two daughters out of a daughter of 
“Fullwood Hopeful” and they were both much better producers 
than their dam. Theii’ average production w^as 405.95 pounds 
of butterfat or 126 per cent more than their dams. Rouge II’s 
Holden had one daughter, out of a daughter of Imp. Rouge II’s 
Son, and her average production was 435.85 pounds of butterfat 
or 35 per cent more than h^r dam. There is too little evidence 
here on which to rank the bulls absolutely according to their 
ability to sire producers, e.specially as they were mated to ani- 
mals of different breeding and producing ability but it is interest- 
ing to note that their daughters had about the same average 
production. 

TABLE 1 1 


Three-quarter -blood daughters of Rouge of Antes nmpared with their darns 


D\Mfl 

DilTGHTErOI 

JNCRRARE IN 
pROomrrjoN 

Cow 

number 

Number 
of lartu- 
tions 

Milk 

Fat 

j 

Cow 

nuinlier 

Number 
of lacta- 
tiona 

Milk 

Fat 

Milk 

Fat 



pounds 

pounds 



pounds 

pounds 

per cent 

per cent 

175 

3 

6286 1 

322.71 

298 

2 

5955.0 

309.40 

-5 

-4 

180 

3 

3639.0 

180.53 

301 

1 

8270.1 

427.41 

127 

137 


Rouge of Ames was mated to tw'o half-blood daughters of Imp- 
Rouge IPs Son and the heifCTS resulting were both of good pro- 
ducing ability, one giving an average of 309.40 pounds of fat or 
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4 per cent less thfin her darn and ihe other 427.41 ])Ounds of fat 
or 137 per cent more than her darn. Thouf»;h tluae are tlu^se 
disciu])ancies in the incr(ius(i obtained through the use of this 
l)ull it is evident that he was of considerahh^ value as Iris dauj 2 ;h- 
ters produced on the average 34<S.74 jiounds of fat oi* 39 per cent 
more than their dams. 


TAm.K 12 

'Vhrir (i! (irrnsfc)f (mlfs an lui'-t ^ itf fhr> ^ - (inn Icr-hhpofI tJa mjhft 



1 


I) V MM 


I’ V I'fai n UM { 

- - 1 

1 M 

IMIOOI 

\ .s K I N 

HI II. 

1 

i ^ 

§ 

1 


5 1 E 


1 




it s 


ji 


"S 7: 






i 


' 

- 

X. ' : x.” 


1 ~ i 


c< 


! 


1 n(i'~ 

(util 11(1 > 1 


‘ p ' 

/Hill ll(f ^ 1 

. fit 

' /- 
; Iini 

Imp 1 1 's Soil 

; I 

1 

!i 2 i:j 1 

17a 7i 

2 ■ 4 

,s:;i 1 

1 55 ‘)5 

‘>7 

I 2 r> 

Uoiigi' ll's llolilcii 

; I 

a 

ir»2S(i 1 

:U 2 71 

1 1 

n:i 21 

s 12,5 S5' 

2 ) 2 ) 

’ 55 

UoijjK* of \m('s 

i •> 

'■* 

s 

'2ol (>2 

*» •» 

... • > 

r)72r> 

7 :;is 7 i; 

:jr> 

; :;<) 


It is a])par('nt from th(' results obtaiiunl throu^»:h the use of 
these three bulls of similar bre(‘dinj;‘ on tlie first ^('Deration of 
(luerfisey p:rad('s that they were all of (*onsirlei*al)l(‘ xaliu’ in 
inereasiiifi; the production of the herd. 4'hes(^ daughters had 
records which were (piite comparable and although th(\v did not 
all bring about the sanu' percentag(' increase^ in production it 
must l)e n^membered that they were mated to cows of very dis- 
similar producing ]>owers. 

1NI>IVIDX\\LIT\ AS A FAX’l'OR LV PUODl I'TION 

It is a recogniz(Hl fact that animals of tlu‘ sani(» breeding may 
vary widely in producing ability and s(W(a*al good illustrations 
of this are to be found in the records j)resented. 

If the half-blood (luernsey daughters of hnj). Rouge ITs Son 
out of the scrub cow^ 53 be studied it wall be found that cow' ISO 
produced on the axurage 31 iier cent less milk and 23 per cent 
less fat than did her dam wliile cow’ 253 produced 17 per ccait 
more milk and 28 per cent more fat than did her dam. 
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(\)mpjiiable results are to be found in the case of the cows 
236 and 2t)C which are three-quarter-blood Guernseys by Imp. 
Kouge H’s Sou and out of the half-blood Guernsey no. 87. These 
heifers were both better producers than their dam but the 
increase in bul terfat production was 74 per cent in the case of 
cow 236 and 1 (58 per cent in the case of cow 296. 

The two cows 281 and 323 were also full sisters being by the 
Holst ('in bull Spring F.arm King Pontiac 8th and out of the 


TABl.E 13 

St'udicH in {yidhidnaliiy 



1> \ NTH 


DNtUJlITKKH 


INORKAglC IN 
PKOOTq?riON 

Cow 

numlu'r 

N iirnl»c*r 

of Uietn- Milk Fat 

tions 

Cow 

nurnbiT 

Nurnbi'r 

of lacta- Milk 
tiona 

Fat 

Milk Fat 


Half-Mood dauphlors of (lUprnsoy bull" Imp. Rougo ITs Son 




pound if 

potiiuh 



pound H 

pounda 1 

[ per cent 

per 

rid 

7 

r,2riH 9 

m m 

ISC) 

253 

3 

3 

3(^19. 0 1 
0128.4 1 

180.53 
298 33 

-31 

17 

"" ! 


Throp-quartcr-blood dauglit(*,rs of (luoruaev bull — Imp. Kongo ITs Son 


87 

4 4213 1 179.72 230, 2 

mo. 7 

320.10 

40 74 


29f> 2 

102 s;]. 0 1 

1 

491.74 

i;i7 itjs 


Threo-tpiarler-blood daughters of Holstcm bulb -Spring Farm King Pontiaa (Hth 


09 

5 

07(K).r) 2S2.ll 2S1 

2 

9109.2 

317.41 

151 105 



323 

1 

8S17.3 

352.09 

136 HlK 


half-blood Holstein cow 69. They were very .similar in produc- 
ing ability showing almost equal increases in production of but- 
terfat when compared with their dam. 

This indicates that a knowledge of the breeding of an animal 
is not an absolute .criterion on which to base an opinion of its 
producing ability, as the factor of individuality enters in and 
though breeding is one of the most important factors in deter- 
mining the producing ability of a herd yet each animal must be 
judged on its own merits. 
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SUMMARY 

In the work that has been done at tlie Iowa Station on tlie 
grading up of a scrub herd through breeding it has been found 
that the use of purebred sires is a sure way of increasing milk 
and butterfat production. It has also been demonstrated, how- 
ever, that if the best results arc to be obtained, the bulls to be 
used must be selected carefully, as some purebred bulls are not 
fit to head a scrub herd. The importance of individual varia- 
tions of necessity demand attention and, even where there is in 
use a bull that is known to sire g(K)d producing heifers, his 
(laughters must, be tested as some of them may not come up to 
the standard of perfection set for the herd. \\'hen all the facts 
of the case are considered the use of good jmrebred daily sires is 
absolutely vindicated. 




Fk;. 1. Kc'rub Cow No. 56 

Average production 3874.6 pounds of milk and 192.62 pounds of fat 



Fic. 2. Half-Blood Holstein No. 77, Out of Hcrub No. 5(i 
Average production 6955.5 pounds of milk and 266.25 pounds of fat 

24 





Fio. 4. Scrub Cow No. 33 

Asrerage production 4338.5 pounds of milk and 183.40 pounds of fat 
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Fig. 5. Half-Blood Gubunsey No. 87, Out of Scrub No. 33 
Average production 4213.1 pounds of milk and 179.72 pounds of fat 



Fio. 6. Thrke-Quarter-Blood Guernsey No. 236, Out of Half-Blood Guern- 
sey No. 87 

Average production 6345.7 pounds of milk and 320.16 pounds of fat 
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Fig* 8. Half-Blood Jehbky No. 241, Out of Scrub No. 60 
Average production 6137.9 pounds of milk and 349.42 pounds of fat 
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Fh;. 0. "rmiMK-QuAurKR-BLooD JfnisEY No. 34S, Out of Half-Blood Jersey 

No. 211 

Avonigc prod ii<!( ion pounds of milk and 278.70 pounds of fat 


CORN STOVER SILAGE VERSUS CORN SILAGE FOR 
MILK PRODUCTION^ 


F. B. MORRISON, G. C. HUMPHREY and R. S. HULCE 
Wisconfin Experimental Station, Madison, Wisconsin 

The information available on the feeding value of com stover 
silage is limited and no experimental data has been reported 
comparing com stover silage, made from cured com stalks, with 
com silage, as feeds for milk production. 

Rusk, of the Illinois Experiment Station, successfully main- 
tained breeding beef cows through the winter on com stover 
silage, and one pound of cotton seed meal daily. Long, of the 
Missouri Station reports that breeding beef cows gained in weight 
on a ration of corn stover silage and wheat straw. 

In Wisconsin very little of the corn is husked as standing 
com. The stalks are needed for feed and are usually harvested 
with the grain to be made into silage or are fed separate in the 
dry form. Claims have been made that com stover silage, that 
is the stalks with ears removed, is equal in feeding value to 
ordinary com silage. It was the purpose of the experiment 
reported here to obtain information that would corroborate or 
refute these claims, with reference to milk production. 

ANIMALS USED 

Eight cows producing an average of about one and one-fourth 
pounds fat daily at the time the trial was started, were used. 
They were separated into two equal groups. 

PERIODS 

Two periods each of four weeks duration with a preliminary 
week preceding each. The double reversal method of feeding 
the two kinds of silage was used. 

» Head at Animal Production Society, Chicago, IlL, December, 1920. 
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FEEDS USED 


Concentrate mixture: 

pwrU 


Ground corn 4 

Wheat bran 4 

Linseed meal 1 

Cottonseed meal 1 


Equal amounts of concentrates fed each lot. 

Alfalfa hay fed at the rate of slightly less than one pound of 
hay daily to each 100 pounds of cow weight. Equal amounts 
of hay fed each lot. 

SILAGE 

Each kind of silage was fed ad libitum twice daily. The 
com stover silage tended to be somewhat dry near the wall of 
the silo. A good average sample of the silage contained 73 
per cent of water. The cows took to the stover silage readily, 
although they consumed on an average of about 5 pounds less 
daily per animal than of corn silage. 

RESULTS 


The average results for the t\yo periods for each ration are 
shown in the following tables: 

TABLE I 


AVERAGE RATION 


AVERAGE DAILY YIELD 

TOTAL FAT 

LIVE 



Milk 

Fat 

WEIGHT 

Com silage ration 

Corn silage 33.25 pounds] 

jtounda 

pounds 

per cent 

i 

pounds 

Alfalfa hay 8.78 pounds 
Concentrates 9.39 pounds] 
Corn stover silage ration 

Stover silage 28.31 pounds! 

i 

1 

27 A 

1.05 

3.98 

156 

Alfalfa hay 8.78 pounds 
Concentrates 9.39 pounds] 

i 

1 

24.5 

0.98 

4.00 

110 


It will be noted from the above data that the average daily 
milk production on the corn silage ration was about three pounds 
more daily per cow than on the com stover silage ration. A 
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corresponding relationship existed also in the productions of 
butter fat. Both lots lost some in live weight. The total loss 
of weight on the corn silage ration exceeded that on the com 
stover ration by 46 pounds. This difference is not great enough 
to be considered significant. 


TABLE 2 

Fi-tmucAal summary 


Corn silage ration: 

2103.9 pounds grain at $50.00 per ton. . $52.60 

7448.0 pounds silage at $6.50 per ton 24.20 

1964.0 pounds alfalfa at $30.(X) per ton 29.46 

Total $106.26 

Com stover silage ration: 

2104.2 pounds grain at $50.00 per ton $52.60 

6352.0 pounds silage at $4.00 per ton. 12.60 

1964.0 pounds alfalfa at S30.00 per ton 29.56 

Total $94.76 


TABLE 3 

F eed cost per hundred weight of milk and pound of butter fat 



COST OF MILK PEll 

COST OF BUTTEK 


HUNOBSD WEIGHT 

FAT PKK POUND 

Com silage ration 

$1.73 

$0.43 

Corn stover ration 

1.73 

0.43 


The data shows that the costs per hundred weight of producing 
milk and per pound of butter fat are the same when the prices 
applied to corn silage and corn stover silage per ton, bear 
respectively the relation of $6.50 to $4.00. In other words the 
price at which the corn stover silage could be figured was 61 
per cent of the price at which corn silage was valued. It is 
planned to carry on a more extensive trial than the one here 
reported at an early date. 



THE ESTIMATION OP BUTTER FAT IN CREAM 

HARRY B. SIEGMUND 
Analysty Hendler Creamery Company 

AND 

R. SEWELL CRAIG 

Senior Food Chemist City Health Department ^ Baltimore , Maryland 

It has been stated that one of the greatest difficulties confront- 
ing the accurate estimation of butter fat in cream lies in the 
problem of securing a fair and representative sample. While we 
readily agree with this observation it has been the product of 
our investigation to conclude that an even greater source of 
error arises in an extension of the problem of sampling, namely, 
in the lack of uniformity which presents itself in many cream 
samples. 

Analysts engaged in the routine sampling and testing of cream 
are, no doubt, well aware of the churning which occurs in com- 
mercial cream during transportation. This phenomenon, which 
is essentially a coagulation of fat globules, is due primarily to 
the effect of agitation. Higher stages of acidity favor its develop- 
ment and consequently it is during the warmer months that a 
greater number of churned shipments are found. However, 
since it is possible to have a certain measure of the conditions 
which favor the development of churning during all seasons 
it is not particularly imusual to encounter it at any time during 
the year. There are, furthermore, different degrees of churning; 
it may vary from a condition requiring the closest scrutiny to 
detect to its more familiar aspect in which large particles of fat 
can be recognized on the surface of the cream. 

The effect of churning upon the accuracy of a test will depend 
principally upon two factors, the degree of churning and the 
amount of sample which is used for analysis. The application 
of this assertion will at once occur to those w'ho have had occasion 
to sample and test creams which have developed a marked degree 
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of churning. It is impossible to rely on individual results and 
it is only by averaging the figures from a large number of tests 
that the effect of the unevenness is minimized to such a degree 
that it is practically negligible. The same purpose is served by 
using a large quantity of sample in such cases. With samples 
which are churned to a lesser extent the influence is, of course, 
correspondingly less upon individual results and with entirely 
homogenous samples the accuracy will depend more upon the 
precision of the method and skill of the analyst than upon the 
condition of the sample. 

In the testing of cream it is usual to employ one of the extraction 
processes or the Babcock method. Of the extraction processes, 
the Roese-Gotleib method is perhaps more widely used than 
any other method. This method employs from 1 to 2.5 grams 
of sample. Some tests direct the use of from 3 to 5 grams, but 
we have found that the use of more than 2.5 grams, particularly 
of heavy cream, is likely to result in an incomplete extraction of 
fat by the amount of solvents called for in the several extractions. 
With the smaller amounts of sample we have had no trouble in 
completing the extraction in all cases. 

A tabulation of our results with this method shows that in 
ten duplicate fat tests made during the summer months (from 
August 20 to September 2) the average variation was 1.18 per 
cent. The greatest single variation was 4.18 per cent and there 
were a number of duplicate tests which varied more than 2.00 
per cent. During the fall (from September 3 to December 16) 
the average variation of 30 duplicate tests was 0.5 per cent, while 
a series of 69 duplicate tests made from December 16 to February 
23 showed a variation of 0.11 per cent. The greater variation 
during the summer months was due to the greater degree of 
partial churning which occurs during this season. 

These results indicated rather forcibly the limited application 
of this method to the field of routine cream testing, a failure 
which we attribute solely to the difficulty of securing homogenous 
.samples. It is regrettable that there is no convenient apparatus 
or method by which it would be possible to homogenize samples 
before analysis. Our experience in testing homogenous samples 
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of cream has been entirely satisfactory and we have every reason 
to believe that a preliminary procedure such as we suggest would 
effectually solve the problem of accurate routine work with this 
method. 

By reason of the larger portion of samples employed in analysis 
together vdth its other features of speed and economy, the Bab- 
cock method suggests itself at this time as a subject of investi- 
gation. We recognized the limitations of its precision when 
testing high-fat creams but on the other hand when testing 
partially churned samples its accuracy in representing the fat 
content of entire consignments as compared with the extraction 
method appeared to be much greater. 

Accordingly, a number of comparative tests were conducted. 
It was decided to use a 24-bottle steam driven Babcock machine 
with a speed of about 800 revolutions per minute; a 36-bottle 
electrically driven machine with a speed of about 1000 revolutions 
per minute and to compare results with those of the extraction 
method. By employing only homogenous samples it was pos- 
sible to use the results obtained by the extraction method as a 
standard. In the following comparisons we were careful to 
select only those results in which duplicate determinations by 
this method checked closely. 

The Babcock tests were also made in duplicate, employing 
an accurately weighed 9-gram sample. After first diluting the 
9-gram sample with an equal volume of water the usual procedure 
for carrying out this test w^as followed. The fat columns were 
entirely clear in those cases in which the results were used for 
comparisons. The Babcock bottles used were of the type which 
have a bulb in the stem, and are graduated in 0.2 per cent, with 
a capacity of 25 per cent. 

The comparative results are as follows: 


KUMBEB 

EXTBACriON METHOD 

XLECTBIC BABCOCK 
MAOaiNB 

STJCAM BABCOCK MAGHUVa 

1 

36.60 

37.20 

38.40 

2 

40.61 

40.70 

42.00 

3 

36.75 

39.40 

39.20 

4 

1 43.84 

45.60 

45.20 

5 

1 36.32 

36.40 

37.00 
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It was interesting to note from these figures that although in 
no case did the three methods check there was nevertheless a 
characteristic relationship between them. The figures of the 
extraction method were invariably lower than those by either 
Babcock process, and the electrically-driven machine gave results 
which were, as a whole, lower than the steam-driven machine. 

In spite of the accredited accuracy of the extraction method 
and the reliance which we had gained through experience with 
homogenized samples several additional ether extractions were 
made in some of the tests. In all cases they failed to show any 
appreciable difference in the results and thus eliminated the 
consideration of incomplete extractions. As an additional check 
it was decided to compare the results of fat tests by thLs method 
with the results obtained by determining the total solids, and, 
after a complete mechanical removal of the fat, the solids-not- 
fat. The difference between the first and the latter figure gave 
a fat percentage which approximated the direct fat extraction 
within an acceptable limit. At least, it served the purpose of 
showing that, the extraction method was more nearly correct 
than either Babcock process. By reference also to tables show- 
ing the computed value for the solids-not-fat content of cream 
with varying percentages of fat it was possible to further check 
the relative accuracy of the extraction method. 

In seeking to explain the difference in the results obtained by 
the tw'o Babcock methods a careful study of all factors concerned 
showed that the sole difference was in the advantage in speed 
possessed by the electric machine, as before stated, an advantage 
of about 200 revolutions per minute. 

A review of the text books and other publications upon the 
subject indicated that with machines of our type a minimum 
speed of about 700 to 800 revolutions per minute was essential 
to accurate results while directions regarding the maximum 
speed where rather indefinite, about 1200 revolutions per minute 
being the highest speed that was noted. In other words, while 
it was agreed that a certain minimum speed was necessary to 
bring all of the fat to the top, it was also indicated that a speed 
much less than this minimum would not accomplish this end 
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but would result in readings correspondingly low. The higher 
speeds were not mentioned except as permissible maxima and 
in no case was any reference made to the influence of such speeds 
upon the final result. 

Nevertheless, upon the assumption that the greater centrifugal 
force possessed by the electric machine did have some influence 
upon the fat column, further comparative tests were made at a 
speed of about 1200 revolutions per miaute. 

The results of these tests may be tabulated as follows: 


NUMBER 

1 

EXTRACTION METHOD 

ELECTRIC BABCOCK MACHINE 

1 

38.64 

38.80 

2 

43.49 

44.40 

3 

38.38 

39.30 

4 

34.60 

34.80 

5 

37,73 

38.10 

6 

36.58 

37.30 


By comparison with the first series of tests it was found that 
the average variation under the increased speed had dropped 
from 1 per cent to about 0.60 per cent which quite clearly demon- 
strated that the additional centrifugal force alone was the respon- 
sible agent in effecting the change in variation of results. 

In studsdng the influence of the additional force upon the fat 
readings it appeared, in the first place, quite obvious that with 
the least speed employed in these experiments (800 revolutions 
per minute with the steam-driven machine) the force had been 
sufficient to accomplish the purpose of bringing all of the fat 
within the graduated stem of the Babcock bottle. In fact, our 
findings lead us to the opinion, which we believe has not been 
previously expressed, that any sjieed above that minimum neces- 
sary to bring all of the fat to the top exerts a correcting influence 
upon the length of the fat column. 

In all of the experiments with the Babcock method we were 
careful to record only those readings which showed an absolutely 
clear fat column, consequently we were prepared to reject the 
possibility of tbe variation being due to the presence of any solid 
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particles in the fat. There remained then for consideration the 
possible occlusion of water or acid, or perhaps both by the fat. 

A final series of experiments were conducted with a view of 
determining this point. We had installed for this purpose a 
Babcock super-centrifuge, a machine with a guaranteed speed 
of 1800 revolutions per minute. This machine was operated 
at a speed of 1600 revolutions per minute, however, during these 
experiments. The following comparative results were obtained. 


NlTAfRER 

EXTRACTION METHOD 

ELECTRIC BABCOCK MACHINE 

1 

33.50 

33.60 

2 

45.18 

45.20 

3 

40.83 

40.80 

4 

39.12 

39.20 

5 

37.49 

37.40 

0 

44.83 i 

44.80 

7 

40.02 

40.00 


The difference in the average of the above results is 0.01 per 
cent, while the greatest single variation is 0.10 per cent. 

From the foregoing experiments with the Babcock method as 
applied to cream testing we believe that we have brought out 
a new conception of the purpose of centrifugal force. It has 
been thought, in the testing of both milk and cream, that a 
centrifugal force sufficient to bring all of the fat within the 
graduated stem of the Babcock bottle was all that was necessary 
to produce accurate results. We feel that our experiments have 
demonstrated the necessity of a force sufficiently powerful to 
not only accomplish this but in addition to render the fat free 
of any occluded liquid. 

The last series of comparative tests we beUeA'c were important 
in demonstrating that by applying sufficient centrifugal force 
in the operation of the Babcock method for cream testing it is 
a relatively easy matter to produce results which compare 
favorably with those of the ether extraction method. 

In concluding, it might be added that we believe that under 
the conditions now existing the Babcock test is the more suitable 
method for the purpose of routine cream testing. By employ- 
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ing a larger portion of sample it is more representative and 
consequently more accurate with cream samples of varying 
degrees of uniformity and through its speed and economy it is 
always possible to heighten the precision of the results by carry- 
ing out simultaneously a larger number of tests than can be 
conveniently done by the ether extraction method as is usually 
applied to cream testing. 

SUMMARY 

From the above investigation we would conclude that: 

1. The ether extraction method does not give accurate results 
when applied to samples of cream which are partially churned, 
consequently it is not suitable for the general routine work of 
commercial laboratories. 

2. The Babcock method has the advantage of minimizing the 
inaccuracies introduced by the lack of imiformity frequently 
encountered in cream, by reason of the use of a larger portion 
of sample in analysis. 

3. However, the Babcock method as it is usually employed for 
cream testing gives high results. We attribute this to the 
occlusion of water or acid within the fat column. 

4. By applying sufficient centrifugal force the fat column can 
be freed of the foreign liquid. When this has been accomplished 
the results obtained by this method compare favorably in 
accuracy and precision to those of the extraction method. 

5. Under the present difficulties of obtaining uniform samples 
we believe that the Babcock method when properly carried out 
is to be preferred to the ether extraction process as a routine 
procedure. 



THE ACCURACY OF BACTERIAL COUNTS FROM MILK 

SAMPLES^ 

R. 8. BREED and W. A. STOCKING, JR. 

INTRODUCTION 

At the present time all of the market milk sold in New York 
state is graded on a system based upon the number of bacteria 
present in the milk. Likewise an increasing amount of milk is 
being bought from dairy farmers on the same basis. This makes 
it important to all concerned that the methods of analyses used 
in the grading should be sufficiently accurate to justify the use 
made of them. 

Because of questions that have been raised in regard to the 
matter, a series of cooperative analyses of milk samples have 
been made, the results of which are discussed in the present 
article. 


PREVIOUS STUDIES 

Because of the importance of the matter, numerous series of 
comparative analyses have previously been made in many of the 
public and private bacteriological laboratories in New York 
State; but the primary purpose of the majority of these tests 
has been merely to determine whether different analysts, work- 
ing in the same or in different laboratories, could secure duplicate 
agar counts which were in close agreement. 

The results secured have been such as to cause the majority 
of bacteriologists to feel that reasonable agreement could be 

‘ CcmdeBsed from Technical Bulletin 76 issued by the New York Agricultural 
Experiment Station, Geneva, N. Y., and by the New York State College of 
Agriculture, Ithaca, N. Y. The analyses on which the report is based were 
made by R. S. Breed, J. D. Brew, H. J. Conn, W. D. Dotterrer and G. L. A. 
Rueble from Geneva; and A. M. Besemer, H. M. Pickerell, T. J. Mclnemey, and 
G. C. Supplee from Ithaca. Detailed analytical data will be found in the original 
bulletin, copies of which may be obtained on application to either institution. 
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obtained where the counts were made by a standard, uniform 
technique by trained analysts. Yet it has become increasingly 
evident that carelessness or slight modifications of essential 
procedures may produce widely divergent counts. The most 
extensive of the recent series of analyses is that made under the 
supervision of the late Prof. H. W. Conn (1). Other recent 
series are those discussed by Hatfield (2) and by Kilbourne (3). 

It should not be forgotten, however, that the securing of 
closely comparable counts of bacteria from duplicate samples 
by different analysts where but a single method of analysis is 
used does not prove that the counts obtained are an accurate or 
even a reasonably accurate count of the actual number of bacteria 
present. It is easily possible that such counts are affected by a 
constant source of error which affects all duplicate counts pro- 
portionately. Or it may even be possible that variable errors 
completely destroy the accuracy of the counts even when there 
is no indication of their presence in the final counts. 

For example, in the case of agar plate counts from milk, con- 
stant errors in cqunt would be produced if all bacteria in milk 
existed in clumps of a constant average size. Such a condition 
would not be indicated in the codnts as all would be reduced 
proportionately. Thus if the average clump contained two 
individuals, all counts would be reduced to one-half of the num- 
ber of bacteria actually present. It may justly be argued that 
such an error would have no practical significance because its 
presence would be already discounted in the standards estab- 
lished for each grade of milk. 

The great uncertainty in the present situation does not arise 
because it is thought that errors of this type exist; but because 
microscopic examination has shown that the average size of the 
clumps of bacteria in milk is not constant. In such a situation, 
the results are, undoubtedly, liable to inconstant errors of such a 
type that they pass undetected in comparative series of analyses 
made by the agar plate method. Thus, while all of the counts 
made from one lot of milk may be reduced to one half their true 
size by the presence of clumps containing an average of two 
individuals, another set of duplicate counts may be reduced to 
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one-third of their true size, another to one-sixth, another to one 
twenty-fifth, etc. 

It is this condition of affairs that has made the development 
of a second, fundamentally different, method of counting bac- 
teria in milk doubly important. Microscopic methods of count- 
ing have now been so perfected that it is possible not only to 
secure data regarding the actual size of the clumps of bacteria 
in milk, but also to make comparative analyses of a series of 
milk samples both by the usual agar plate method and by direct 
microscopic examination. This permits us to study the accu- 
racy of the counts in a manner not heretofore possible. 

Already extended series of comparative analyses have been 
made and published (4), (5). The analyses mentioned have, 
however, been largely the work of a single analyst, and are sub- 
ject to the “constant” and “personal” errors which are always 
possible where analyses are made by a single person. Some 
preliminary comparative counts by several analysts from differ- 
ent laboratories were made in the series of counts discussed by 
Conn; but these were preliminary in nature, and, because of 
the difficulties involved in continuing the work where the labora- 
tories were so widely separated, the work was discontinued. 

For these reasons, the authors of the present paper in 1915 
drew up a plan of investigation under which a series of samples 
of milk were to be analyzed in each of two laboratories main- 
tained by New York State. A preliminary account of the 
results obtained has already been published in this Journal (6). 

DESCRIPTION OP THE METHODS OF ANALYSES USED 

In considering the results secured, it should be kept in mind 
that the counting of bacteria in milk is an arithmetical problem 
which would be no more difficult than coimting the number of 
beans in a bag, the number of trees in a wood, or the number of 
seeds in a bushel of mustard seed, if the bacteria could be seen 
and handled . as readily as these objects. However, bacteria 
are such tiny things that they can be seen only with high magni- 
fication, and they may occur in such incredible numbers that 
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comparisons with beans, trees or even mustard seeds give an 
inadequate idea of the difficulties involved. 

Every one realizes the physical impossibility, or better, the 
impracticability of counting the trees on 100,000 acres of wood- 
land. It is not only impracticable but physically impossible 
actually to count the bacteria in a quart of milk or even in a 
cubic centimeter of milk. In counting bacteria, as in counting 
trees, recourse must be had to the making of estimates of numbers 
not actual counts. So-caUed bacterial “counts” are not counts 
in the strict sense of the word, and like other estimates, their 
accuracy is largely dependent upon the care with which they are 
made. In order that the attention of the reader may be called 
to the fact, the word “count” has been placed in quotation 
marks throughout the body of the paper wherever it is used in 
the sense of an estimate. 

Microscopic methods of counting bacteria. The simplest method 
of counting objects is by direct observation. In the case of 
bacteria this is obviously impossible because they are too small 
to be seen with the unaided eye. However, from the time when 
Leeuwenhoek (1683) first saw bacteria under his simple micro- 
scopes, microscopists have made more or less accurate estimates 
of the number of bacteria in various substances by direct obser- 
vation under the microscope. 

It is impossible to state who first made estimates of numbers 
of bacteria in milk by microscopic examination, but it is certain 
that no extensive use has been made of such methods until 
recently. (See Breed and Brew (7) for a detailed discussion of 
the historical development of these methods.) 

Certain things prevent making the microscopic counts with 
absolute accuracy. These may be briefly summed up as follows: 

a. There are certain optical limitations tvhich make it difficult 
to prepare definite measured quantities of milk in such a way as 
to make all of the bacteria show with sufficient distinctness to 
permit coimting imder a microscope. 

h. It is impossible to measime with absolute ■ accuracy the 
exceedingly minute quantities of milk (1/500,000 to 1/300,000 
ec.) which are the largest amovmts that can be examined satis- 
factorily at any one time. 
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c. It is impossible to tell with certainty whether the bacteria 
seen under the microscope were actually living when the prep- 
aration was made. 

d. Care must also be taken to prevent the growth and con- 
sequent increase in number of bacteria during the time consumed 
in preparing the material for microscopic examination, and to 
prevent the introduction of bacteria from extraneous sources. 

Some of these diflBculties can be partially, or even almost 
completely, overcome, but as a w'hole they can never be entirely 
eliminated by the most skillful analyst. 

Agar plate methods of counting bacteria. The second method 
of counting bacteria under observation is fundamentally differ- 
ent from the first in that it involves inoculating a transparent 
nutrient jelly with measured quantities of milk containing bac- 
teria. The nutrient jelly containing the bacteria is then incu- 
bated until the original bacteria have grown into masses of 
bacteria which are counted with a low power magnifying lens. 
These masses are usually termed “colonies” and it is these 
which are actually counted. 

Such a method of counting may be compared to a method of 
counting seeds in which a measured quantity of seeds are germi- 
nated on a carefully prepared area of ground and the coimts 
made from the plants which develop. 

Historically, this method of counting bacteria is a direct 
outgrowth of the use of gelatin as a means of isolating pure cul- 
tures of bacteria first introduced by Koch in 1881. In the milk 
work which has been so extensively developed in the United 
States, agar has supplanted gelatin as a culture medium, and 
the method of making counts has been standardized largely 
through the efforts of members of the laboratory section of 
the American Public Health Association (8). 

A modification of this technique, called the “little plate” 
method, has recently been developed and advocated for use by 
Frost (9). This differs from the technique ordinarily used in 
control laboratories in that the colonies which develop in agar 
are examined and coimted under a .compound microscope before 
they are visible to the unaided eye. Thus the time ordinarily 
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consumed in waiting for the development of colonies is greatly 
shortened. In general, this technique has the same advantages 
as that possessed by the usual agar plate method, and is subject 
to the same general type of limitations. 

These limitations upon the culture methods of counting bac- 
teria are, as in the case of the limitations upon the microscopic 
technique, such that it is impossible to secure absolutely accu- 
rate counts. The chief difficulties may be summed up as follows 
and may be better understood if the comparison with the plant- 
ing of seeds on prepared soil is kept in mind. 

o. Only those bacteria grow which survive the necessary 
manipulations and are capable of growth into visible colonies 
under the conditions of aeration, food, moisture, temperature, 
etc., which are present. It is never certain that all of the bac- 
teria originally living in the milk have grown and formed count- 
able colonies on the plates. 

b. Overcrowding of the colonies on the agar may prevent the 
development of some bacteria, or single bacterial colonies may 
grow so rapidly that all other colonies are repressed. The latter, 
so called “spreaders,” are readily recognizable and their presence 
may be discounted. Likewise repression of colonies through 
overcrowding is frequently recognizable. 

c. A third difficulty is still more fundamental. It arises 
because the bacteria frequently exist in milk in clumps of twos, 
threes, fours, or even larger masses. Since these clumps cannot 
be perfectly separated into their component individuals by any 
known method of shaking or manipulation, the culture medium 
is always seeded with many groups of bacteria. As these grow 
they form a single mass or colony, indistinguishable from colonies 
which have arisen from single individuals. Counts of colonies 
are therefore never comparable to counts of bacteria, except in 
those cases where the bacteria exist in the original milk as iso- 
lated individuals. 

d. The introduction of extraneous bacteria and increase in 
number of bacteria after the samples are collected and before the 
culture medium is inoculated is always possible, even where 
carefully controlled. As additional colonies thus introduced 



ACCURACY OF BACTERIAL COUNTS 


45 


cannot be detected from an examination of the plates, this 
always remains as a possible source of error. 

e. Since it is impossible to get the best results where more than 
300 colonies are grown on each plate, it becomes nece^ssaryto 
use minute quantities of milk (1/100,000 to 1/1,000,000 cc.) when 
accurate results are desired from samples giving “counts” in 
excess of 3,000,000 per cubic centimeter. While this measure- 
ment is made by the dilution method (admittedly a very accu- 
rate method of measurement), yet inaccuracies of measurement 
are known to occur. 

Skill and care may reduce many of these possible sources of 
error to a minimum, but, as a whole they cannot be entirely 
eliminated. 

Comparison between microscopic and agar plate methods of 
counting. Since it is impossible to make counts of bacteria that 
are known to be absolutely accurate, it becomes very difficult to 
determine whether more accurate counts can be made by direct 
observation than by cultural methods or whether the opposite 
condition holds true. This being the case, it is evident that the 
common assumption that the agar plate method gives the more 
accurate results has no real basis upon which to rest. 

One point of difference between the two methods should 
always be kept in mind in considering the accuracy of results. 
Because of the fact that estimates made from plate counts must 
be based on a count of colonies, which should not exceed 300 per 
plate, the amount of milk examined is largest where the bacteria 
are few in number and continually grows smaller as the number 
of bacteria increases. It is as if aU scattered trees on 10,000 
acres of cleared land could be counted, whereas in making esti- 
mates of a sim i la r area of woodland only one-tenth of an acre 
could be examined. Consequently it is probable that both the 
absolute accuracy and the percentage accuracy of plate counts 
are at their best in milk containing few bacteria, and that both 
the absolute and percentage accuracy of results decreases as the 
number of bacteria increases. 

In contrast to this, microscopic counts are made from a small 
but fairly constant amount of milk regardless of the ninnber of 
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bacteria present. It is as if one acre plats from 100 different 
places selected at random could be examined in coxmting the 
trees upon 10,000 acre plats regardless of the number of trees 
present. Under these conditions, the percentage accuracy is at 
its best, and probably also the absolute accuracy, under inter- 
mediate conditions. Where there are few bacteria present, the 
percentage accuracy becomes poor though, for practical purposes 
in grading milk, this is of little consequence because the abso- 
lute error is not large.® A failure to appreciate these differences 
in the two methods of counting has caused some unjustified criti- 
cism of microscopic coimts. 

PLAN OP THE PRESENT INVESTIGATION 

The first work done was to analyze a series of twenty samples 
of fresh milk of a miscellaneous character (known in this article 
as series A). Counts were made from these both by the agar 
plate method and by direct microscopic examination. Chiefly 
because of the inexperience of some of the analysts with micro- 
scopic coimting, and because the miscellaneous character of the 
flora introduced so many possible’ sources of error that it was 
impossible to determine the exact cause of particular variations, 
the results obtained did not throw as much light on the question 
of the accuracy of the counts as had been expected. 

On the other hand, the results from one of the samples which 
was known to contain a predominant colon flora were so instruc- 
tive that it was decided to use samples of this type for further 
work. A second series of samples (series B) inoculated with the 
colon organism was therefore analyzed on April 10, 1916, and 
later still (February 7, 1917), a third series (series C) was exam- 
ined. As the results obtained from series B and C were instruc- 
tive and explanatory of the results from series A, the former 
series (B and C) are discussed first. 

^ The meaning of absolute and percentage accuracy as here used can be made 
clearer by a simple example. The percentage difference between 1000 and 2000 
is the same as the percentage difference between 1,000,000 and 2,000,000; but the 
absolute difference in the ffrst case (1000) is much smaller than the absolute dif* 
ference in the second case (1,000,000). 
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SBKIES B. SAMPLES INOCULATED WITH AN ORGANISM OP THE 

COLON GROUP 

The advantage of the colon organism for the purpose in hand 
rises from the fact that it tends to live in milk as isolated indi- 
viduals, only occasionally forming clumps of two, four or rarely 
more individuals. Likewise, it is always found evenly distributed 
throughout microscopic preparations of milk whenever it is pres- 
ent. It also grows well on ordinary media and at ordinary incuba- 
tion temperatures. Thus “counts” carefully made from milk con- 
taining this organism may be expected to be nearly free from 
the sources of error previously discussed. 

In order to have a series of checks and counter checks upon 
the accuracy of the results, it was decided to use but three 
batches of milk, each batch to be analyzed in triplicate by each 
analyst. The three batches were in each case prepared from a 
liter of a high grade, freshly-drawn milk known to contain very 
few bacteria. The first liter was inoculated with 2.5 cc. of an 
actively growing culture of an organism of the colon group, 
the second liter with 5 cc., and the third liter with 10 cc. of the 
same culture. Thus it was expected that the final “counts” 
w'ould show ratios of approximately 1:2:4. From a rapid 
microscopic examination of the first liter of milk it was expected 
that the final “counts” from this milk would be between 100,000 
and 500,000 per cubic centimeter, and directions for making 
dilutions were given accordingly. 

Ten samples, each containing about 15 cc. of milk, were sent 
to each of six analysts. No. 1 was a sample of the high grade 
fresh milk used as a base in preparing the inoculated milk. 
Nos. 2, 3 and 4 were samples from the liter of milk containing 
the smallest amount of the colon culture. Nos. 5, 6 and 7 were 
from the second liter of inoculated milk, while nos. 8, 9 and 10 
were from the liter of milk containing the largest number of colon 
organisms. This distribution of samples resulted in eighteen 
separate analyses of each of the three liters of inoculated milk 
by two different methods, a total of 108 analyses. A further 
check on the final results was established by having aU petri 
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dishes prepared in triplicate from each of two dilutions. The 
plates were recounted in each case by a second analyst in order 
that any carelessness in counting might be eliminated. Like- 
wise, the microscopic preparations were made in duplicate from 
each sample, and they were also recounted by a second analyst. 
The six sets of samples were prepared at Geneva at 7.00 a.m., 
were thoroughly iced, and three sets forwarded by messenger to 
Ithaca. The analytical work was started in both laboratories 
about 10.00 a.m., and the petri plates and microscopic slides 
were prepared in all cases before noon. In one respect the 
samples used in this series were not perfect as later examination 
showed that masses of bacteria, which did not break apart read- 
ily, had foimed in the thin film of cream on the skim milk culture. 
Consequently, occasional groups of 10, 20 or more individuals 
were found in the final microscopic preparations. 

To facilitate comparisons between the results secured by the 
two different methods, standard deviations and coefficients of 
variability have been computed for the estimates of nimibers 
per cubic centimeter as reported for each sample; but no further 
mathematical analysis of the data has been made. 

a. Agar plate counts 

Technique used. The analysts were instructed to prepare 
dilutions as follows: Sample 1 — 1:10 and 1:100; samples 2, 3 
and 4 — 1:1,000 and 1:10,000; samples 5 to 10 — 1:10,000 and 
1:100,000. These were made by using freshly prepared and 
accurately measured 9 and 99 cc. water blanks. One cubic cen- 
timeter pipettes were used by all analysts, but those used at 
Ithaca were all of the type with two graduation marks, while 
those used at Geneva were of the type with a single graduation 
mark. As the latter were supposed to have been calibrated to 
deliver 1 cc. quantities, analysts B and D merely emptied them 
carefully in each case as used, and did not rinse them by draw- 
ing the dilution water into the pipette. 

All analysts were supplied from a single lot of agar (1 per cent 
Difco peptone, 1 per cent lactose, 0.3 per cent Liebig’s beef 
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extract, 1.5 per cent air dried agar) prepared at the Ithaca labor- 
ratory. The acidity of this agar, before adjusting, was 1.6 per 
cent normal to phenolphthalein, and by the addition of NaOH 
it was reduced to 1.1 per cent. No record of the H-ion concen- 
tration was made. 

Incubation temperatures were not definitely controlled in all 
cases, but they were between 25° and 30°C. Plates were counted 
at the end of three days when the colonies were well developed. 
Troublesome spreaders were practically absent, and recounts of 
the colonies on the plates were in all cases in close accord with 
the first counts. 

The “counts” for samples 2, 3 and 4, as reported here, were 
secured by averaging the counts from the individual plates from 
both dilutions; while the counts from the 1:100,000 dilutions 
were usually discarded for the remaining samples, as they ordi- 
narily showed less than 20 colonies per plate. 

Counts obtained. A summary of the results are given in table 
1. The individual analysts obtained very regular results as 
indicated by the standard deviations and coefficients of variabil- 
ity given in table 3. The coefficients of variability ranged from 
7.7 for samples 2, 3 and 4 to 13.8 for samples 5, 6 and 7 with 
an average coefficient of variability of 11.1. 

The tabulation of results revealed a tendency of the part of 
the Geneva men (B, C, and D) to rpport lower “counts” than 
those reported from Ithaca, a tendency which had been pre- 
viously noted in series A. Thus in series B, only nine out of 
27 “counts” from the Geneva laboratory were higher than the 
final averages, while 20 out of 27 “counts” from the Ithaca 
laboratory were higher than the average figures. 

As the differences were relatively small, and as one of the 
Geneva men (C) who rinsed his pipettes obtained higher counts 
than the others, a suspicion arose that they were caused by 
inaccuracies in the measurements of the milk and of the dilution 
waters. Consequently, the 1 cc. pipettes used were recalibrated, 
whereupon it was found that the use of the one mark pipettes 
without rinsing in the dilution waters was causin;g a small but 



TABLE I 

Series B. Summary of plate and microscopic * counts** 


SAM- 

FL>K 

NUM- 

BJEDU 

ANA- 

LYST* ** 

PI.ATB “COHNT 
PBB Ctr»TC 
CSSNTlMlETaR” 

ANA- 

LYST* 

GROUP “count per CUBIC 
chntimkthr'’ 

INDIVIDUAL “count PER 

CUBIC centimeter” 

Average for 
each anal3^t 

Combined 

average 

Average for 
each analyst 

Combined 

average 

1 


390 



3,000 


4,000 


BBl 

BDf 

cc\ 

CBJ 

DDl 

DC/ 

ffI 

FI / 
HHl 

hf/ 

II \ 
IH J 

325.000 

375.000 

323.000 

378.000 

330.000 

347.000 

BB 

BD 

CA 

CB 

DD 

DA 

FF 

FI 

HH 

HF 

II 

IH 

t262,000l 

303,000/ 

275 .0001 
206,000/ 
291, cool 
227,000/ 

301.0001 
386,000/ 

211 .0001 
221 ,000/ 

293.0001 
147,000/ 

282,000 

241.000 

259, (XK) 

343.000 

216.000 

220,000 

t499,000l 

489,000/ 

430.0001 
381 ,000/ 

435.0001 
376,000/ 

385.0001 
739,000/ 

276.0001 
310,000/ 
773 ,CXX)1 
690,000/ 

494.000 

405.000 

405.000 

662.000 

293.000 

731 .000 

Final av. . . 

346,000 



260, (XK) 


482,000 

5-7 

bb\ 

bd/ 

cc\ 

CB / 

ddI 

DC/ 
FFl 
FI / 
HH) 
HF/ 
II 1 
IH/ 

558.000 

650.000 

602.000 1 

621 ,000 

668,000 

764,000 

BB 

BD 

CA 

CB 

DD 

DA 

FF 

1 FI 
HH 
HF 

II 

IH 

t659,fX)0l 
611 ,000/ 

549.0001 
432,000/ 
640, cool 
525,000/ 

545.0001 
556,000/ 

411 .0001 
473,000/ 

609.0001 
255,000/ 

685.000 

490.000 

582.000 

550.000 

442.000 

432.000 

fl ,018,(XX)1 
969,000/ 

852.0001 
755,000/ 

l,097,000l 

798,000/ 

816.0001 

768,000/ 

617.0001 
702,000/ 

865.0001 
513,000/ 

993.000 

803.000 

948.000 

787.000 

660.000 

689,000 

Final av, . . . 

640,000 



514,000 


813,000 

8-10 

BBl 

BD/ 

CC\ 

CBJ 

DD\ 

DC/ 

ff\ 

FI / 

hhI 

HF/ 
II \ 
IH / 

1.410.000 

1.170.000 

1.205.000 

1 .551 .000 

1 .491 .000 

1.470.000 

BB 

BD 

CA 

CB 

DD 

DA 

FF 

FI 

HH 

HF 

II 

IH 

tl ,127,0001 
1,204,000/ 
1,083,000\ 
882,000/ 
l,613,000l 
1,166,000/ 
822,0001 
1,116,000/ 
667, pool 
1,015,000/ 
895, cool 
629,000/ 

1,166,000 

982.000 

1,339,000 

969.000 

791 .000 

762.000 

fl ,919,0001 
1,974,000/ 

1.686 .0001 

1,483,000/ 

2.475.0001 
1,708,000/ 

1.473.0001 
1,472,000/ 

969,000l 

1,610,000/ 

1 .230.0001 
949,000/ 

1.946.000 

1.684.000 

2.091.000 

1.472.000 

1.240.000 

1.090.000 

Final av . . , . 

1,383,000 



1 ,001 ,000 


1,670,000 


* The first analyst named made the plates or slides. The second counted them, 
t As Analysts A, B, and D examined 1 cu. mm. of milk in making their 

** counts,” the exact number of groups, or of bacteria that they saw is obtained 
by dividing their results by 10(X). The remaining analysts examined a little 
more than 1 ou. mm. 


50 


ACCTJBACY OP BACTEKIAL COUNTS 


51 


detectable loss as they were calibrated to contain 1 cc. and did 
not deliver the full amount. 

In order to test the matter further, the Geneva analysts used 
the same pipettes for the next series of analyses, carefully rinsing 

TABLE 2 


Series B. Observed ratios between the counts from the 3 liters of inoculated milk. 

Theoretical ratio 1:2:4 


ANALYST* 

KATIO FOlt 

PLATE “OOrNT” 

ANALYST* 

IIATIO FOn 
oRorp “corNT” 

RATIO FOB 

INDIVIDUAL “count” 

BB 

1:1.70:4.30 

BB 

1:2.13:4.30 

1:2.04:3.85 

BD 

1:1.74:4.39 

BD 

1:2.02:3.97 

1:1,98:4.04 

CC 

1:1.72:3.12 

CA 

1:2.00:3.94 

1:1.98:3.92 

CB 

1:1.76:3.13 

CB 

1:2.10:4.28 

1:1.98:3.89 

DD i 

1:1.96:3.93 

DD 

1:2.20:5.20 

1:2.52:5.70 

DC 

1:1.77:3.54 | 

DA 

1:2.31:5.14 

1:2.12:4.54 

FF 

1:1,59:4.06 

FF 

1:1.81:2.73 

1:2.12:3.83 

FI 

1:1.69:4.15 

FI 

1:1.44:2.92 

1:1.03:1.99 

HH 

1:2.03:4.31 

HH 

1:1.95:2.69 

1:2.24:3.51 ' 

HF 

1:1.95:4.71 

HF 

1:2.14:4.59 

1:2.26:4.87 

II 

1:2.10:4,06 

II 

1:2.08:3.05 

1:1.12:1.59 

IH 

1:2.25:4,43 

III 

1:1.74:4 21 

1:0.50:0.92 

Average 

l:l.cS5:4,(KJ 


1:1,98:3.85 

1:1.69:3.28 


' The first analyst named made the plates or slides. The second counted them. 


TABLE 3 


Series B. Summary of table 1 



PLATE “count” 

PER CUBIC CENTIMETER 

QBOUP “count” 

PER CUBIC OENTIMETBR 

INDIVIDUAL “count” 

PER CUBIC CENTIMETER 

SAMPLB 

NUMBXR 

Final 

averages 

. . ^ 

standard 

delation 

Coefli- 

cient 

varia- 

tion 

Final 

averages 

Standard 

deviation 

Coeffi- 

cient 

varia- 

tion 

Final 

averages 

Standard 

deviation 

Coeffi- 

cient 

varia- 

tion 

2-4 



7.7 



26.8 

|||P^9|R|R 

136,000 

33.6 

5-7 


88,300 

13.8 



24.1 



27.2 


QQQ 


11.8 



21.3 

Hijjllii 


24.0 

Average. 



11.1 



24.1 



28.3 
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each pipette as used. Likewise, in order to secure more accu- 
rate dilutions, 1:10 dilutions were prepared for each sample by 
withdrawing 5 cc. of milk with a 5 cc. pipette, and adding this 
to 45 cc. of sterile water. Subsequent dilutions were prepared 
with 1 cc. pipettes. The results secured with this improved 
system of measurement are discussed on page 60. 

The ratios between the final average “counts” made by each 
analyst, as shown in table 2, agree well with the expected ratio 
of 1:2:4. It is worth noting, however, that in all but three of 
the twelve triplicate ratios, the first ratio is less than the 1:2 
ratio which was expected. As the average ratio between the 
first and last “counts” was almost exactly 1:4, this condition 
raised the question whether the second liter of milk may not 
have failed actually to receive the full number of bacteria that 
were supposed to have been added. The final average ratio for 
all of the plate “counts” was 1:1.85:4,00. 

The regularity of the plate “counts” and the agreement between 
the observed and the expected ratios make it probable that the 
figures given by the analysts were actually accurate estimates 
of the number of bacteria presenti Yet it must be remembered, 
as already explained, that both of these things might be true in 
the case of agar plate “counts” which were actually very inaccu- 
rate. 

All of the analysts agreed that Sample No. 1 contained very 
few bacteria, the agar plate “counts” being less than 800 per 
cubic centimeter in all cases. The final average “count” was 
390 per cubic centimeter. The results show that this milk con- 
tained so few bacteria that the number present could not have 
influenced the final figures as reported for the remaining samples 
in the series. 

h. Microscopic counts 

Counts of two kinds were made by microscopic examination 
of the stained dried milk. The fiirst of these, spoken of in this 
paper as the “group” count, was obtained by regarding each 
isolated organism and each actual clump of two or more organ- 
isms as single “groups.” From theoretical considerations, it 
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was expected that the estimate based on this count would be 
lower than the agar plate “counts” as the latter are based on the 
growth of the “groups” after they are partially broken apart in 
the preparation of the dilution waters. 

A count of individual bacteria was also made, any organism 
showing clear indication of approaching division being recorded 
as two individuals. It was expected that the estimate based 
on this count would in all cases be larger than the agar plate 
“count.” 

All analysts examined 100 fields of the oil immersion lens on 
each of two duplicate preparations from each sample, and nearly 
all recorded not only the number of bacteria seen, but also the 
number of twos, threes, fours, etc. Analysts A, B, and D, who 
were more experienced in the technique than the others, used 
special ocular micrometers ruled in circles and quadrants of 
circles, and adjusted the tube length of their microscopes so 
that the dried solids from 1/600,000 cc. of milk were visible in 
each microscope area counted. As only the central part of the 
field was used, the definition was clear and sharp and the danger 
of overlooking bacteria was lessened. Each of the three analysts 
mentioned examined 200 fields for each sample of milk, so that 
each counted the bacteria in 1/3000 cc. regardless of the number 
present. 

The less experienced men used the entire field of the micro- 
scope and did not adjust their instruments so that it was neces- 
sary for them to use an irregular number in their computations. 
In all cases they examined a larger amount of ixulk than did the 
experienced men, but their counts were, nevertheless, decidedly 
less regular than those returned by the experienced men. 

Table 1, last four columns, gives the average figures obtained 
for each of the three batches of colon inoculated mUk. In this 
case both the original count and the recounts are given and 
these are then combined into a final average figure for each of 
the six samples. 

Computations of the standard deviations are given in table 3 
with their coefficients of variability. From this table it will be 
seen that the coefficients of variability of the group “coimts” 
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vary from 21.3 for the group of samples containing the largest 
number of bacteria to 26.8 for the group of samples containing 
the fewest bacteria. The average for all samples was 24.1. 

The coefficients of variability for the individual “counts” 
were larger (as was to be expected) and varied from 24.0 for the 
group of samples having the largest number of bacteria to 33.6 
for the group of samples containing the fewest bacteria. The 
average for all samples was 28.3. 

In spite of the variability of the microscopic “counts,” the 
irregularities counterbalanced each other in such a way that the 
final average ratios, as given in table 2, are very close to the 
expected ratio of 1:2:4. Thus, for the group “counts” the 
obser\'ed ratio was 1: 1.98: 3.85, while that for the “counts” of 
individual bacteria was 1: 1.69:3.26. It will be observed that 
all of these ratios are lower than the expected ratios. As there 
are several possible explanations for this condition, it is useless 
to speculate upon them. 

Some fairly wide variations from the expected ratio will be 
found among the ratios actually obtained by the individual 
analysts which are recorded in table 2. However, many of the 
ratios obtained agree well with the expected ratio. 

It should be pointed out in connection with these “counts” 
that neither agreement in results nor the fact that the observed 
and the expected ratios are on close agreement prove that the 
“counts” as given are truly accurate. These conditions rai^e a 
strong probability that the final average figures are very close 
approximations to the actual number of groups of bacteria pres- 
ent per cubic centimeter, but they do not prove the accuracy of 
the results. 

c. Comparison between the plate and the microscopic counts 

It is not until the results obtained by the two different meth- 
ods of counting are compared with each other that the probable 
accuracy of the counts can be established with reasonable cer- 
tainty. An examination of the results as given in table 1 shows 
that the final average group “counts” are invariably lower than 
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the final average plate “counts,” while the final average indi- 
vidual “counts” are higher than either of the other counts. 
This is as it should be if the results were truly accurate, for it is 
to be expected that the groups were somewhat broken up in the 
process of preparing the plates, thereby causing more colonies 
to appear on the plates than there were groups originally present 
in the milk. However, it is not to be expected that all groups 
were broken into their component individuals, so that the plate 
“count” should never be as large as the individual “count” 
if both were truly accurate. 

Even the average “counts” as reported by each individual 
analyst for each sample usually showed a plate “count” inter- 
mediate between the two micro.scopic “counts.” As is to be 
expected, however, this relationship is not as perfectly main- 
tained as it is in the case of the final average “counts.” Thus 
in eight cases out of a possible 54, the plate “counts” reported 
were less than the group “counts” as reported, while, in 17 cases 
out of a possible 54, the plate “counts” exceeded the individ- 
ual “counts.” Although this analytical work was done with 
care, it is evident that errors in “counts” Avere not absolutely 
eliminated. 

The test for accuracy just discussed is a relatively severe one, 
for it must be remembered that the milk used for analysis con- 
tained very small groups of bacteria (average size 1.6 indi- 
viduals). This means that the individual “count” is only 1.6 
times the size of the group “count” if both are perfectly made, 
so that large variations in the plate “counts” would cause these 
to be larger or smaller than the microscopic “counts.” Since 
the conditions found indicate that all three counts represent 
fairly accurately the conditions as they exist, it then becomes 
possible, by a comparison betAveen the group and the plate 
“counts” to determine how much the clumps were broken apart 
by the shaking in the dilution waters. Thus we find that, whereas 
the average group in the original milk from which samples 2, 3, 
and 4 were prepared, contained 1.85 indiAdduals, the average 
group in the dilution water contained but 1.39 indiAdduals. In 
the case of samples 5, 6, and 7 the average size of the group was 
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reduced from 1.58 to 1.27 by the shaking and dilution process; 
while in samples 8, 9, and 10 the average size of the groups was 
reduced from 1.58 to 1.13 individuals. 

One of the most interesting comparisons which can be made 
between the three types of counts is that of their coeflScipnts of 
variability. By examining these in table 3, it wiU be seen that 
the average coefficient of variability for all of the plate "counts” 
in series B was 11.1. On the other hand, the similar value for 
the group "coimt” is 24.1 and for the individual "count” it is 
28.3. 

This shows at once that the microscopic "counts” were more 
variable than were the plate “coimts,” a fact which is evident 
even on a casual inspection. There are certain things which 
should be kept in mind, however, in comparing these coefficients 
of variability, namely, that such variations may be produced by 
the limitations in the technique itself, by differences in the skill 
of the analysts, or by actual differences in the munber of bacteria 
or groups of bacteria present in the quantities of milk examined 
by the different analysts. 

The greater variabiUty of the individual "counts” as con- 
trasted with the group "counts” is, for example, due to the fact 
that it is always affected by one more source of variation than is 
the group count, namely differences in the number of individuals 
found in the groups. As both the group "counts” and the 
individuals "counts” were made from identical portions of the 
original samples of milk, the greater variability of the latter 
"counts” is caused by the fact that some analysts chanced to 
find larger sized groups than did others. 

SERIES C. SAMPLES INOCULATED WITH AN ORGANISM OP THE 

COLON GROUP 

As all of the analysts felt that the accuracy of the work thus 
far done could be still further improved as a result of the expe- 
rience gained, it was decided to duplicate the last series of anal- 
yses, introducing such impnIvementB in technique as had been 
suggested by the results secured. 
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Circumstances, however, prevented its repetition until Feb- 
ruary 7, 1917, at which time only four of the analysts who had 
participated in the work of both series A and B were available. 
The group of six was therefore completed by including one man 
who had participated in the work of series A only, and one man 
who had participated in the work of series B only. 

Each analyst knew the general nature of the samples fur- 
nished, and knew something of the results as they were obtained 
in the laboratory in which he worked ; but no comparisons were 
made between the “counts” as obtained in the two laboratories 
until the final reports were ready. These conditions were per- 
mitted as the work of every analyst was checked by a second 
analyst, and every man was keenly interested in finding the true 
state of affairs regardless of any preconceived ideas. 

Six sets of samples were prepared at the Geneva laboratory. 
Three of the sets were sent to Ithaca by messenger as before, 
and three retained at Geneva. Sample 1 was taken from a high 
grade fresh milk which was used as the base for the inoculated 
samples. In preparing the three liters of inoculated milk for 
sampling, the procedme followed was to add enough of the colon 
culture to a liter of milk to give a count in excess of 1,000,000 
per cubic centimeter as determined roughly by immediate 
microscopic examination. Then 500 ce. of this milk was diluted 
with 500 cc. of the uninoculated fresh milk to make a second 
liter of milk which presumably contained exactly one-half of 
the organisms present in the first liter. Then 500 cc. was taken 
from the second Uter, and added to another 500 cc. portion of the 
uninoculated milk, making a third liter of milk which presum- 
ably contained one-half of the organisms from the second liter, 
or one-fourth of the organisms from the first liter. Samples 
2, 3, and ,4 were prepared from the third liter of milk; samples 
5, 6, and 7 from the second liter; and samples 8, 9, and 10 from 
the first liter. Thus the final average “counts” from these three 
groups of samples were expected to show the ratio of 1:2:4 as 
before. 



TABLE 4 

Series C, Summary of plate and microscopic * ^counts** 


0AM- 

I>£.B 

N0M- 

BBB 

ANA- 

I.T8T* 

PliATE “COUJn 
PK» CtTBlC 
CBNTXMCTrBR” 

ANA- 

r-TBT* 

OROTTP “COtTMT PBJR OUBIO 
CENTIMKTKP" 

iisrnrvxDtrAX. **coxrttT p»h 
CUBIC CBNTIMJWBB*' 

Average for 
each auaiyet 

Combined 

average 

Average for 
each analyst 

Combined 

average 

1 


623 



6,500 


7,250 

2-4 

BCf 

ccl 

CEJ 

ee\ 

eb/ 

ffI 

FHj 

hhI 

HI / 
II \ 
IF / 

885.000 

784.000 

755.000 

842.000 

830.000 

827.000 

BB 

BH 

AA 

AI 

EE 

EF 

FF 

FE 

HH 

HB 

II 

lA 

t868,000\ 

318,000j 

721 .0001 
650,000/ 

783.0001 

666,000/ 

781 .0001 

728,000/ 

451 .0001 

910,000/ 

762.0001 

804,000/ 

693.000 

685.000 

674.000 

754.000 

680.000 

778,000 

fl ,187 ,000 

439.000 

1.150.000 

906.000 

1.297.000 
853,000 

1.136.000 

1.184.000 
642 ,000' 

1.227.000 

1.072.000 

1.163.000 


813.000 

1,028 ,000 

1.076.000 

1.160.000 

936.000 

1,117,000 

Final av . . . . 

821,000 



694,000 


1 ,021 ,000 

6-7 

BB\ 

BCf 

ccl 

CE/ 

EEI 

EB/ 

ffI 
fh/ 
hhI 
HI / 
II \ 
IF j 

1.605.000 

1.470.000 

1.620.000 

1.716.000 

1.610.000 

1,670,000 


1 

1.035.000 

1.376.000 

1.368.000 

1 .482 .000 

1.333.000 

1.539.000 

t2 ,238 ,000' 
747,000 

2.230.000 

1.854.000 

2.468.000 

1 .837 .0001 
2,153,000* 
2,543 ,000! 
1,275,000* 
2,336,0(W 
2,079,000* 
2,400,000] 


1 .493 .000 

2.042.000 

2.152.000 

2.348.000 

1.806.000 

2,240,000 

Final av 

1,615,000 



1,356,000 


2,014,000 

8-10 

BB\ 

BC/ 

ccl 

CE/ 

eeI 

EB/ 

ffI 

FHj 

hhI 

HI / 
II 1 
IF / 

3.600.000 

3.710.000 

3.680.000 

3.620.000 

3.340.000 

3.890.000 

BB 

BH 

AA 

AI 

EE 

EF 

FF 

FE 

HH 

HB 

II 

lA 

t3 ,443,0001 

1 ,901 ,000/ 

2.758.0001 

2, 808 ,000/ 

3.148.0001 

2,747,000/ 
2,569,000\ 
2, 630 ,000/ 
1,760, bool 

3,794,000/ 

3.198.0001 

3,496,000/ 

2.672.000 

2.783.000 

2.947.000 

2.696.000 

2.772.000 

3.347.000 

t4 ,796,0001 
2,928,0001 

4.367.000 
4,016,000- 

6.086.0001 

4.102.0001 

3.683.000] 

4.286.0001 

2.781 .0001 
6,010,000J 

4.408.000] 
5,134,000/ 


1 

3.862.000 

4.191 .000 

4.594.000 

3.934.000 

3.896.000 

4.771 .000 

Final av 

3,640,000 



2,863,000 


4,208,000 


♦ The first analyst named made the plates or slides, the second counted them, 
t As all analysts examined 1 cu. mm. of milk in making these ^'counts/* the 
exact number of groups, or of bacteria seen is obtained by dividing this figure 
by 1000. 
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a. Agar plate counts 

Technique used. All of the agar used was prepared in a single 
batch at Ithaca and it had the same composition as before. 
The acidity of the medium was approximately 1 per cent normal 
acid to phenolphthalein, and was found to have a reaction of 
about pH = 7.6. 

As already stated, the Geneva analysts were instructed to rinse 
all 1-cc. pipettes as they were used, and all analysts prepared 
their first dilutions by adding 5 cc. of milk to 45 cc. of sterile 
water. Instructions were given to use 1 : 10 and 1 ; 100 dilutions 
for sample 1; 1: 1,000 and 1: 10,000 dilutions for samples 2, 3, 
and 4; and 1: 10,000 and 1: 100,000 dilutions for the remaining 
samples. Later it became evident that these instructions were 
satisfactory as plates were secured in each case which developed 
more than .30, and less than 300 colonies. The plates were 
recounted by a second analyst from the laboratory in which the 
plates were prepared. 

Counts obtained. The average “counts” are given in table 4. 
From these it will be seen that the high grade milk was again 
found to have a very low “count,” the final average plate 
“count” being 623 per cubic centimeter. Thus it was suffi- 
ciently free from bacteria to serve satisfactorily as a base for the 
inoculated samples. 

The inoculated milk gave higher “counts” than before, the 
final average plate “count” from samples 2, 3, and 4 being 
821,000 per cubic centimeter as contrasted with 346,000 per 
cubic centimeter for the similar group of samples from series 
B. With the single exception of the “count” obtained by 
analyst B for sample 7, the plate “counts” were in close agree- 
ment. In the instance mentioned the number of colonies which 
developed on the plates was much less .than developed on the 
plates made from the duplicate samples by the same analyst, 
and likewise fewer than the number which developed on the 
plates made by the other analysts. As the duplicate plates from 
this one irregular sample agreed with each other, it was con- 
cluded that analyst B had inadvertently used a 99 cc. water 
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blank in place of a 9 cc. blank in preparing the original dilutions. 
If no results had been at hand for comparison, the error would 
have remained undetected. 

Only min or and insignificant differences appeared in the recounts 
of colonies from the agar plates. 

The tendency of the Geneva analysts to return a majority of 
the counts which were below the average was practically elim- 
inated, as they returned but 15 out of a possible 26 coimts which 
were lower than the average. On the other hand, the Ithaca 
analysts returned 12 out of a possible 27 counts which were 
lower than the average. This improved condition was probably 
associated with the rinsing of the one mark pipettes and the 
greater care taken in securing accm’ate measurements in making 
the dilutions. 

The final average ratio between the plate “counts” was 
1:1.97:4.43 (table 5). This is neither decidedly better nor 
worse than the similar ratio of 1: 1.85: 4.00 obtained in series B. 
The differences between the observed and expected ratios are 
small in both cases. Even the ratios as computed for the indi- 
vidual analysts are free from gross discrepancies. All agreed in 
reporting that samples 8, 9, and 10 contained more than four 
times the number of organisms found in samples 2, 3, and 4, 
making it probable that this was actually the case. In every 
instance, the ratio between the ‘ ‘ counts” for samples 2, 3, and 4 and 
for samples 5, 6, and 7 was very close to the expected ratio of 1 : 2. 

The maximum and minimum “counts” have been collected 
in a separate table (table 7). A comparison with the similar 
results from series B shows the results from series C to be more 
regular than those previously obtained. This fact becomes 
more evident from the computed standard deviations and their 
corresponding coefficients of variability which are recorded in 
table 6. From this table, it will be seen that the coefficient of 
variation for both the fiirst and second groups of samples in 
series C was only 7.1. The similar value for the third group 
was 10.6, making an average coefficient of variability of only 
8.3. This is even better than the average of 11.1 obtained in 
series B, and indicates that the improved technique and expe- 
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rience of the analysts resulted in “counts” which were even 
more regular and, therefore, presumably more accurate than 
before. 


TABLE 5 


Series C. Observed ration between the counts from the 3 liters of inoculated milk. 

Theoretical ratio 1:3:4 


ANALYST* 

RATIO FOB ! 

PLATE “COUKTI’B” 

ANALYBT* 

RATIO FOR 

GROUP “counts'" 

RATIO FOR 

INDIVIDUAL “counts" 

BB 

1:1.84:4.04 

AA 

1:2.00:3.79 

1:1.94:3.80 

BC 

1:1.79:4.10 

AI 

1:2.02:4.32 

1:2.04:4.43 

OC 

1:1.88:4.66 

BB 

1:1.80:3.96 

1:1.89:4.03 

CE 

1:1.87:4.79 

BH 

1:1.59:5.98 

1:1.70:6.67 

EE 

1:2.13:4.81 

EE 

1:1.94:4.02 

1:1.90:3.92 

EB 

1:2.17:4.94 

EF 

1:2.15:4.85 

1:2.15:4.81 

FF 

1:2.22:4.41 

FF 

1:1.81:3.28 

1:1.90:3.16 

FH 

1:1.86:4.19 

FE 

1:2.13:3.61 

1.2.15:3.62 

HH 

1:1.99:4.11 

HH 

1:1.92:3.88 

1:1.99:4.33 

HI 

1:1.89:3.94 

i HB 

1 

1:1.98:4.17 

1:1.90:4.08 

11 

1:2.02:4.60 

n 

1:1.94:4.25 

1:1.94:4.11 

IF 

1 1:2.02:4.82 

1 

lA 

1:2.01:4 35 

1:2.06:4.41 

Average , . . 

1 

1:1.97:4.43 


1:1.95:4.11 

1:1.97:4,12 


' The first analyst named made t he plates or si ides. The second counted them. 

TABLE 6 


Series C. Summary of fable 4 



PLATE “ count" 

GROUP “count" 

INDIVIDUAL “count" 

SAMPLE 

NUMBER 

Final 

averages 

Stand^d 

deviation 

Coeffi- 

cient 

varia- 

tion 

Final 

averages 

Standard 

deviation 

Coeffi- 

cient 

varia- 

tionj 

Final 

averages 

Standard 1 
deviation j 

Coeffi- 

cient 

varia- 

tion 

2-4 

821,000 

68,200 

7.1 

694,000 

69,000 

10.0 

1,021,000 

127 ,000 

12.5 

6-7 

1,616,000 

115,(KX) 

7.1 

1,356,000 

204,000 

15.0 

2,014,000 

347,000 

17.3 

8-10 

3,640,000 

385,0(K) 

10.6 

2,853,000 

286,000 

10.1 

4,208,000 

441 ,000: 

10.5 

Average - 

8.3 



11,7 


1 

1 

13.4 




i 

1 
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TABLE 7 

Series C, Maximum and minimum plate and microscopic counts^* 


SAMPLE 

NUMBER 

PLATE “( 

counts” 

GROUP ”( 

counts” 

INDIVIDUAL “counts” 

TOTAL 
NUMBER OP 

“counts” 

MiiiHuum 

Maximum 

Minimum 

Maximum 

Minimum 

Maximum 

1 

450 

1,150 

Less than 

27,000 

Less than 

30,000 

12 




3,000 


3,000 




493 

1 ,010 

Less than 

9,000 

Less than 

15,000 





3,000 


3,000 



2*4 

703,000 

937,(X)0 

252,000 

930,000 

354,000 

1,326,000 

36 


713,000 

900,000 

327,000 

927,000 

468,000 

1,302,000 


5-7 

1,380,000 

1,870,000 

435,000 

2,295,000 

663,000 

3,033,000 

36 


1,420,000 

1,840,000 

531,000 

1,728,000 

786,000 

2,724,000 


840 

2,950,000 

4,600,000 

1,632,000 

3,900,000 

2,463 ,000 

5,268,000 

36 


3,130,000 

4,520,000 

1,635,000 

|3 ,816 ,000 

3,556,000 

5,232,000 



b. Microscopic counts 

However, the most striking change in the character of the 
“counts” obtained from series C, as contrasted with series B 
occurred in the microscopic “counts.” As before, both group 
and indmdual “counts” were made. 

Slides were prepared in duplicate from each sample, and 
all were recounted by a second analyst. As the slides were 
exchanged between the laboratories, they were in each case 
recounted by an analyst from the laboratory different from that 
in which, the slides were made. All analysts standardized their 
microscopes, and used a special ocular micrometer as already 
described, so that each examined the central portion of the 
field only, and each examined 1/600,000 cc. of dried milk per 
field. A complete record was kept of the size of all groups seen. 

The effect of the greater care taken in making the “counts,” 
and in the increased skill gained through the experience of the 
previous series is seen in tabl^ 4, where the average “counts” 
are summarized. Even a cursory examination will show that 
these results harmonize much more closely than before, and that 
variations in count from the same samples as great as 100 per 
cent are practically absent. This is marked improvement over 
the results from series B as given in table 1. 
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Moreover, a study of the detailed records indicates that the 
less experienced men returned "counts” which bear evidence on 
their face of a greater accuracy than those returned by the same 
men from series B. None of the men, for example, found more 
than an occasional bacterivun or pair of bacteria in the high 
grade fresh milk used in sample 1, whereas, in the previous series, 
the inexperienced men did not scrutinize the objects which 
they found in sample 1 closely enough, and evidently recorded 
and counted objects as bacteria which were not bacteria. 

On the other hand, in the samples of inoculated milk where 
the bacteria were numerous, the less experienced men still 
showed a tendency to report fewer bacteria than did the expe- 
rienced men who examined the identical slides. This effect is 
particularly noticeable in the “counts” made by the analyst (H) 
who had had the least experience in microscopic counting. 
This effect is chargeable to inexperience and not to carelessness 
as is shown by the fact that the plate “counts” returned by the 
men who made the irregular microscopic “counts” are as regular, 
and presumably as accurate, as any that w'ere made. 

An examination of the ratios, as given in table 5 shows that all 
of the analysts (with the single exception of analyst H) obtained 
ratios which agree w'ell with the excepted ratio of 1 : 2 : 4. A 
marked improvement was shown in these over the similar ratios 
from series B. The final average ratios obtained were 1 : 1.95: 
4.11 for the group “counts” and 1: 1.97: 4.12 for the individual 
“counts.” These are almost identical with the expected ratios, 
and are even more nearly perfect than the similar ratios from 
the plate “counts.” 

In order that the variations in “counts” may be studied more 
readily, the maximum and minimum “counts” returned by all 
of the analysts are given in table 7. 

The greater regularity of these microscopic “counts” as con- 
trasted with those of series B is brought out by a comparison of 
the coefficients of variability as recorded for series C on table 6 
and for series B in table 3. All of the coefficients of variability 
are less for series C than those for series B, and in several instances 
indicate less variation of the microscopic “counts” than was 
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observed in the plate “counts” of series B. The average coeffi- 
cient of variability for the group “counts” of series C is 11.7, 
while that for the individual “counts” is 13.4. These averages 
are decidedly better than the similar averages of 24.1 and 28.3 
for series B. This improvement is undoubtedly to be charged to 
the greater skill of the analysts gained through their experience 
in the work of the previous series, and to the improved technique. 

c. Comparison between the plate and microscopic counts 

When the “counts” of series C as made by the two different 
methods are compared, the unique character of the results at 
once becomes evident. As already indicated, they meet the 
checks and counterchecks made upon their accuracy thus far 
discussed even more perfectly than those of series B. 

They likewise very perfectly meet the test of comparison with 
each other, which is very severe in this case as the average num- 
ber of individuals per group (1.45) was even less than before. 
However, in spite of this, every one of the final average plate 
“counts” as recorded in table 4 is intermediate in size between 
the group and individual “counts.” Even the average “counts” 
as returned by the individual men showed only three of the 
group “counts” out of a possible 54 that were larger than the 
corresponding plate “counts,” while only ten of the individual 
“counts” out of a possible 54 were smaller than the correspond- 
ing plate “counts” from the same samples. Moreover, eight of 
these were made by the one analyst (H) who, as already explained, 
evidently returned microscopic counts which were lower than 
they should have been. 

Thus it becomes practically a certainty that there caimot be a 
large error in the final averj^e figures, and that they actually 
show, in the one case, the number of groups originally present in 
the milk; in the second case,' the number of centers of growth 
which existed after the partial distintegration of the clumps in 
the dilution waters; and, in the third case, the actual number of 
individual bacteria present. 
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Computation, based on the final average figures given in 
table 4, shows that, as in series B, the clumps were only partially 
broken apart in making the agar plates. Thus, whereas the 
average group of organisms in samples 2, 3, and 4 contained 
1.47 individuals in the milk itself, the groups in the final dilu- 
tions used in making the plates contained 1.24 individuals. 
Likewise, whereas the original groups in the milk in samples 
5, 6, and 7 contained 1.48 individuals, the groups in the final 
dilution water contained 1.25 individuals. In the third group 
of samples (8, 9, and 10), the average group in the milk itself 
contained 1.49 individuals, whereas the average group in the 
final dilution waters was reduced to 1.16 individuals. Thus, 
even imder these very favorable conditions, the agar plate 
“counts” only approximate the number of bacteria present. 

SERIES A. MISCELLANEOUS SAMPLES OP MILK 

As this series of analyses has already been discussed in this 
journal (6) only brief reference will be made to it here. A sum- 
mary of the results secured are given in table 8; while the detailed 
records appear in the bulletin by Breed and Stocking (10). 
Prom the detailed records it is possible to determine the causes of 
marked discrepancies in the plate and microscopic counts vdth a 
hi gh degree of probability. 

Sometimes the microscopic examination revealed the presence 
of masses of bacteria of such compact nature that they imdoubt- 
edly failed to break up completely. In other cases, the plates 
themselves gave evidence that some of the living bacteria had 
failed to develop into colonies. In general, however, it was the 
occurrence of the bacteria in groups which apparently caused 
the plate “counts” to be less than the probable number of bac- 
teria present. 

The average plate “counts” were larger than the group 
“counts” in 13 of the 21 samples (see table 8). In no case did 
the plate “count” exceed the individual “count” made from the 
same sample. Thus the plate “counts” ordinarily were inter- 
mediate in size between the two microscopic “counts,” as was 
to be expected from theoretical considerations. 
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TABLE 8 


Series A. Final summary of plate and microscopic ** counts^ 


8AMPLX 

NUM- 

BKB 

PLATE "count” 

QROTTP "cot NT” 

INDIVIUVAL 

"count” 

AVKH- 

AOE 

8!ZE 

GROUP 

NOTES 

1 

10, 6(H) 

18,700 

103,000 

5.5 

Herd milk 

2 

10,400 

19,600 

92,000 

4.7 

Herd milk 

3-5 

6,000 

5,000 

15,000 

3.0 

Herd milk 

4 

45,000 

41,000 

145,000 

3.5 

Herd milk 

6 

78,000 

46,000 

185,000 

4.0 

Market milk 

7 

72,000 

47,000 

202,000 

4.3 

Market milk 

8 

30,000 

51 ,000 

189,000 

3.7 

Market milk 

9 

98,000 

80,000 

383,(X)0 

4.8 

Market milk 

10 

285,000 

94,000 

• 721,000 

7.7 

Market milk 

11 

52,000,000’ 

93,000,000 

i 

1 

99,000,000 

1.06 

Inoculated with long- 
rod, lactic acid or- 
ganism 

12 

48,000,000 

49,000,000 

67,000,000 

1.4 

Inoculated with the 
colon bacillus 

13 

135,000,000 

37,000,000 

163,000,000 

4.4 

Fresh milk incubated 
at 37 ®0. for 24 hours 

14 

9,900,000 

5,900,000 

150,000,000 

« 

25.4 

Market milk known 
to contain strepto- 
cocci 

15 

2,000,000,000 

1,500 ,000 ,0(K) 

2,700,000,000 

1.8 

Milk nearly curdled 
containing Bacf. lac- 
tis acidi 

16 

121 ,000 

60,000 

387,000 

6.4 

Market milk 

17 

23,000 

13,000 

234,000 

18.0 

Market milk found to 
contain strepto- 

cocci 

18 

1,900 

12,000 

34,000 

2.7 

Market milk 

19 

12,000,000 

8,400,000 

28,000,000 

3.3 

Market milk 

20 

5,600,000 

5,200,000 

26,000,000 

5.0 

Market milk 

21 

390 

3,000 

4,000 

1.3 

Milk from single cow 

22 

623 

5,500 

7,250 

1.3 

Milk from single cow 


DISCUSSION AND CONCLUSIONS 

The results secured indicate that skilled analysts, using proper 
technique, ordinarily obtain reasonably accurate estimates of 
the number of living bacteria in cubic centimeter samples of 
milk by the plate method provided the milk contains isolated 
organisms of a type capable of growth on agar under the condir 
tions maintained. 
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They likewise indicate that estimates of the numbers of living 
bacteria and of the groups of bacteria can be made with equal 
accuracy by direct microscopic examination provided there are 
neither large clumps of bacteria nor dead bacteria present. 

These statements are based on the fact that, under the favor- 
able conditions maintained in series B and C, six analysts obtained 
“counts” or “estimates” of the number of bacteria from dupli- 
cate samples of milk by the use of the agar plate technique and 
by direct microscopic examination which showed good agree- 
ment among themselves, which had a coefficient of variability 
under 15, and which met all other checks upon their accuracy 
in such a w’ay as to establish their true accuracy with reasonable 
certainty. 

Because of the presence of clumps of bacteria, the agar plate 
“counts” were in each case less than the true number of indi- 
vidual bacteria present. 

It being self evident that these accurate estimates were 
obtained under conditions much more favorable than those ordi- 
narily present, the question naturally ari.ses whether the inac- 
curacies in “counts” under ordinary conditions are sufficient to 
destroy the value of bacterial determinations. This question 
cannot be answered with entire satisfaction even with the data 
gathered in this and in previous investigations; but certain 
facts are evident as the result of the work done on the series of 
miscellaneous samples. 

There has been a general feeling in the past that the errors in 
plate “counts,” which were of the greatest significance were 
those introduced through the fmlure to prepare media of the 
correct reaction or composition, through the failure to use proper 
incubation temperatures, or through spreading colonies, over- 
crowding of colonies, and the like. IVIuch attention has been 
given to the standardization of technique in order to reduce the 
^own difficulties to a minimum. 

Nevertheless, it does not seem probable that the errors caused 
by these things are so generally present or so irregular as those 
caused by the occurrence of the bacteria in groups of different 
average sizes. As it is clearly evident from series A, it is not at 
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all uncommon to find that one milk contains bacteria occurring 
in groups averaging two individuals per group, while another 
contains bacteria occurring in groups averaging four, six or even 
more individuals. Large errors in coimt caused in this way 
must be the rule rather than the exception. The latter errors 
could be eliminated if some method could be devised whereby 
the groups could be broken into their component individuals 
before the plates were prepared, and recent discussions of the 
plating technique emphasize the necessity of shaking the samples 
in a standardized way. Bacteria have so little weight, however, 
in proportion to their surface that hand shaking can have but 
little effect upon the compact groups. 

The most disquieting feature of the errors introduced by the 
clumping of the bacteria is the fact that they may be highly 
variable, and yet pass undetected. It is reassuring to secure a 
series of plate “counts” from duplicate samples of milk which 
are in close agreement; and especially so if the analyses are 
made in different laboratories. However, the feeling that the 
“counts” are accurate passes away at once as soon as the micro- 
scopic studies are made, and it is foimd probable that some of 
the “counts” are affected by a 100 per cent error, others by a 
200 per cent error, and still others by a 1000 per cent error, 
none of which are indicated in any way in the plate “counts.” 

It is natural to feel that a milk sample giving a plate “count” 
of 40,000 per cubic centimeter actually contains fewer bacteria 
than a milk sample giving a plate “count” of 60,000 per cubic 
centimeter. Yet comparative studies indicate that the chances 
are at least as great as one out of three that milk giving a plate 
“count” of 50,000 actually contains fewer bacteria than milk 
giving a plate “coimt” of 40,000. The chance that the lower 
“count” signifies larger numbers of bacteria becomes less and 
less as the margin between the “coimts” becomes greater. If 
one can judge from the records already available giving tjie 
average size of the groups of bacteria in miscellaneous samples 
erf milk, a margin of one to five makes it practically certain that 
the sample giving the larger “count” is actually from the milk 
containing the larger number of bacteria per cubic centimeter; 
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but even this margin does not appear to be sufficient to cover the 
errors introduced through the clumping of streptococci. 

In contrast to these errors in plate “counts” caused by the 
difficulties involved in devising a perfect technique, the greatest 
difficulties met with in making accm'ate microscopic “coimts” 
are those which involve the skill and patience of the analyst. 
Thus, in the present w ork, it was not until the last series of 
analyses were made that the men without previous experience 
realized these limitations of the microscopic technique, and not 
until then did the work of all the men begin to have precision 
and accuracy. In this series (C) the coefficient of variabihty of 
the microscopic “counts” was reduced to a figure comparable 
with that obtained from the plate “counts,” i.e., less than 15. 

Because the “counts” were made by two methods, it was 
ordinarily possible to detect conditions unfavorable to accurate 
work. Thus the microscope always showed what the conditions 
really were in regard to the size of the groups and the types of 
bacteria present, while the agar plates showed the number of 
centers of growth capable of development under the condi- 
tions maintained. Gross discrepancies in the “counts,” not 
explainable through the presence of clumps, suggested the 
presence of dead bacteria, or of living bacteria not capable of 
growth on the plates. The fact that interpretations of this sort 
were possible shows that it would be an excellent practice for 
analysts to make “counts” of both sorts wherever especially 
accurate results are desired. Under such conditions care should 
be taken to make the “counts” by more precise methods than 
those used in ordinary routine work. 

SUMMARY 

1. Three series of bacterial counts from samples of fresh, 
unpasteurized millc have been completed. Six or seven analysts 
participated in each, working in two groups in laboratories 
located within fifty miles of each other. 

2. In all cases, counts were made both by the agar plate 
method and by direct microscopic examination, thus permitting 



70 


E. 8. BEEED AND W. A. STOCKING, JE. 


a check upon the accuracy of the counts not possible where only 
one method of counting is used. 

3. In two series (B and C), the samples analyzed were care- 
fully prepared so as to present the most favorable conditions 
possible for accurate counting and to allow checks to be made 
upon the accuracy of the results. This was accomplished by 
inoculating three lots of freshly drawn milk known to contain 
very few bacteria, with a skim milk culture of the colon organ- 
ism. The amount of inoculum used was such that the final 
counts were expected to show the ratio 1:2:4. The colon 
organism was chosen because it grows well under normal condi- 
tions, and exists in milk largely as. isolated individuals. 

4. Under the above conditions, the results met all of the 
checks upon their accuracy so perfectly that there can be little 
doubt but that they actually were fairly accurate counts of the 
number of individual bacteria present. 

5. The results obtained in the final series (C) were so uniform 
that the coefficient of variability was reduced to less than 15 in 
all cases. Under the conditions present, the variability of the 
microscopic counts was slightly greater than that of the agar 
plate counts. 

6. In the counts made from samples containing a miscel- 
laneous flora (series A), wide variations were found between the 
plate and microscopic counts. The primary cause of these 
variations appeared to be the existence of clumps of bacteria 
which were not separated into their component individuals in 
preparing the agar plates. The uniformity of the agar plate 
counts was generally good, indicating that the technique used 
was satisfactory. The greater lack of uniformity in the micro- 
scopic counts was in part due to the inexperience of some of the 
analysts, several of whom had never before attempted to make 
accurate coimts by microscopical methods. 

7. The average number of individuals in the clumps of bac- 
teria present commonly varied between two and six; but at times 
(when streptococci were present) greatly exceeded these num- 
bers. As the data indicate that the clumps are only very poorly 
broken apart in the processes ordinarily used in preparing dilu- 
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tion waters, the plate counts did not represent the full number of 
bacteria present. 

8. The chief limitations upon the accuracy of the microscopic 
counts appear to be those involving the skill of the analyst 
making the microscopic ol>servations, and the patience necessary 
in order to examine a sufficiently large quantity of milk to give 
an accurate average. Ciiven unhmited time, and numerous 
duplicate preparations from a sample of milk, a skilled micro- 
scopist can secure reasonably accurate counts of the number of 
individual bacteria present in any ordinary sample of milk. Yet 
the laboriousness of this proceeding limits its usefulness, and 
makes it impossible to actually count the bacteria in examining 
large numbers of samples. 

9. Fortunately neither the inaccuracy of the plate counts 
caused by the clumping nor the Umitations of the microscopic 
technique just noted, appear to be so great as to prevent the 
use of either technique where the purpose is to grade miscel- 
laneous samples of unpasteurized milk into two or three grades. 
However, the information at present available indicates that 
attempts to use simplified methods for analysis for the purpose 
of making finer distinctions in (luality introduces gross errors. 
When a finer classification is desired (as is now the case in many 
grade \ plants) the use of the so-called sunplified routine control 
methods should not be regarded as satisfactory. The present 
ituation suggests the desirabiUty of the State exercising controls 
over bacteriological methods for analyses, whenever the results 
are to be used as a basis for payment in order to insure the use 
of more acem-ate methods of analysis just as it now does in the 
case of the Babcock test for determining the percentage of 
butter fat. 
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OPEN FORUM 

Should We Have a New Milk Score Card? 

Score cards for Vjutter and cliecsc have been in use for many years. 
Score cards for dairies were formulated almost simultaneously, in 1904, 
by Woodward at Washington and Pearson at Cornell University. 
Those score cards were but the first of many. The flood gates of pent 
up enthusiasm for scoring opened, with the result that there were soon 
score cards for everything connected with the farm, including score 
cards for judging husbands and wives. 

Recognizing the desirability of a uniform score card for dairy farms, 
the Official Dairy Instru(;tors Association, or as it is now called, the 
American Dairy Science Association, appointed a Committee on Dairy 
Score Cards (1). This committee formulated, and iil 1908 the Asso- 
ciation adopted, the so-called Official Dairy Score Card, which has 
b<ien widely used in the inspection of dairy faims. This score card 
is ^'Officiar^ in the sense that it has been adopted by the Official Dairy 
Instructors Association and in many cities it is also ^T)fficiar^ in the 
sense that it has been legally made a part of the local health regulations. 

A majority of the score cards of various kinds which have been 
proposed have been forgotten and the making of score cards has gone 
rather out of fashion. The score card for milk is an exception to tliis 
general statement. The milk score card was originally developed by 
the Federal Dairy Division for scoring bottles of milk in competition 
at various milk shows and it has undoubtedly served a useful purpose. 
This card is in a sense the property of the Federal Dairy Division and 
no one should question their right to continue it or change it as they 
see fit. 

In 1919 (2), recognizing the increasing public interest in food value 
as an element of milk quality, the members of the Dairy Division 
decided to change their card by adding 10 points to those allotted to 
fat and solids not fat. To keep the total on the card at 100 points they 
subtracted tliese 10 points from the 25 formerly allotted to flavor and 
odor. This adaptation of the score card to changing conditions is 
commendable. 
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In order that they may be more readily discussed, both of the present 
milk score cards are reproduced in table 1. 

One of these milk score cards has been in use for a number of years 
at the National Dairy Show. As a part of the educational work at 
the Dairy Show it has been the custom to stage a scoring contest in 
which teams representing Agricultural Colleges compete for medals 
and other prizes. The milk score card has been used in scoring the 
milk in this contest. 

After the appearance of the revised milk score card, in August, 1919, 
a misunderstanding arose among the coaches of these teams as to which 
score card was to be used in the Dairy Show Contest. As a result some 


TABLE 1 

Present score cards for milk 



PBRFRCT 

Bacteria 

35 

35 

Flavor and odor 

25 

15 

Visible dirt * 

10 

10 

Fat 

10 

15 

Solids not fat 


15 

Acidity 

5 

5 

Bottle and cap i 

5 

5 





100 

100 


of the teams were at a disadvantage because they were trained in the 
use of one card and were compelled to compete in the use of the other. 

Feeling the need of an official score card for milk, a committee on 
this subject was appointed in 1919 by the American Dairy Science 
Association. This committee recommended that the earlier form of 
Federal Milk Score Card be used in competitions for the year 1920 and 
at the recent annual meeting of the Association again recommended 
that the use of this card be continued for one year, pending their presen- 
tation in 1921 of a card for adoption by the Association, This leaves 
the matter of a milk score card » before the Association without any 
prejudice as to the form of card to be later adopted, but makes it 
desirable that the members of the Association place their suggestions 
on this subject at the service of the committee. 

The form of score card should depend primarily on the object to be 
attained through its use. The primary object of the card is to offer 
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a just basis for deciding which entry among those competing is the best 
milk. Back of the competition lies the desire on the paH of the pro- 
ducer or dealer to gain favorable recognition for his dairy. The public 
quite uniformly consider that the winning of a prize in such a compe- 
tition is evidence that tlie milk furnisliod by that dairy is of special 
excellence. 

In addition to this primary aim of the card there is the possibility 
of developing a card which will accurately measure the real desirability 
of the milk. The real object of all attempts at safe-guarding public 
milk supplies is to find and encourage the production of high grade 
milk. If the quality of tlie milk as delivered to the consumer can 
be accurately measured by a score (^ard, milk supervision can be 
largely reduced to establishing milk grades and to determining that 
the milk as delivered is sold in strict accordance with these grades. 

The question of what are the elements, which taken together establish 
the quality of milk, was decided by the American Dairy Science Asso- 
ciation wlien, in 1018, it adopted tlie rei)ort of its Committee on Milk 
Quality (3). This report stated that the quality of milk depends upon 
(1 ) food value; (2) healthfulness; (3) cleanliness; and (4) keeping qualit5^ 
These qualities exactly parallel the oft repeated inquiries of the con- 
sumer: Is the milk rich? Is it safe? Is it clean? Is it sweet? If 
the score on a milk score card is to accurately measure the quality of 
the milk, the card must give due consideration to all of the elements 
of milk quality. In order to make plain the extent to which the present 
score cards do give such consideration, the st^ore cards as shown in 
table 1 may be rearranged under the above four headings of milk 
qualil y. The cards so rearranged are shown in table 2. 

The above table brings out tlie important and surprising fact that 
the present score cards entirely disregard the question of the safety of 
the milk. Under such conditions the gold medal may go to a highly 
dangerous milk supply. This entails not only an injustice to the com- 
petitors but also the added danger that the unsuspecting public, noting 
the receipt of tliis prize, may be stimulated to consume this dangerous 
milk. It should be noted that the public, by using their powers of 
observation, can reasonably assure themselves regarding the richness, 
cleanliness and sweetness of a milk supply but that they are practically 
helpless in attempting in this way to measure the safety of their milk 
supply. For this reason the Health Officials find their main problem 
the protection of the safety of the milk. On this account it is all the 
more surprising that the present milk score cards not only disregard 
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entirely the qviestion of safct3^ but actually mislead the consumer at 
the very point where he most needs help. 

This entire omission of what many would consider the most, important 
point in milk quality is not particularly evident from casual inspection 
of these cards because these cards blend together their results into a 
single score. Those familiar with milk will recognize that the presence 


TABLE 2 

Present score cards rearranged 



PKBFECT 

Food value 

Fat 

1 

10 

15 

Solids not fat 

10 

15 

Healthfulness 

Tuberculin test or pasteurization 

0 

0 

Cleanliness 

Visible dirt 

10 

10 

Bottle and cap 

5 

5 

Keeping quality 

Bacteria 

35 

35 

15 

Flavor and odor 

25 

Aciditv 

5 

5 





100 

100 


TABLE 8 

Suggested score card for milk 


DIVISION 


PBBFEOT 

I 

Food value 

Fat 

15 


Solids not fat 

10 

II 

Healthfulness.. 

25 

111 

Cleanliness 

Visible dirt 

25 

IV 

Keeping Quality 

Flavor and odor 

15 


Bacteria 

5 


Acidity 

5 






: 100 


When the score of each division is 20 or above the milk is good. 
When the score of each division is 23 or above the milk is exeeUerU, 
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of an unusual amount of one element of quality such as food value will 
not satisfactorily off-set either the presence of large amounts of dirt, 
or the fact that the milk is sour. If any of the four elements of quality 
are distinctly deficient the milk must be considered as poor. ( )n 
other hand, if the milk scores high with regard to all four elements of 
quality the milk is good. 

Accordingly it w^ould seem that the two outstanding deficiencicvs of 
the present milk score cards w'^ere (1) the lack of proper attention to th(‘ 
safety of the milk; and (2) the failure to keep separate the score of each 
of the four distinct elements of milk quality. 

It is rather easy to correct both of these weaknesses and an illustration 
of one method of doing this is given in table 3. 

It should be clearly understood that the score card showm in table 
3 is not offered as a perfect score card. It is presented in order to 
illustrate how, with the minimum change of the present card, the criti- 
cisms wdiich have been raised against the present cards may be met. 

The principle of recognizing divisions of the card, wdiich divisions 
are considered separately in determining the quality of the milk, is 
neither new^ nor untried. It was one of the best features in the so-called 
Cornell Dairy Farm Score Card, devised by President R. A. Pearson 
and used successfully for some years by a number of municipalities (4). 

I'he fundamental difficull.y w ith the various past attempts at grading 
milk supplies has been the knowledge that the grades thus established 
were largely artificial and did not correspond with the real qualit}" of 
the milk. If a milk scon* card can bo agreed upon in which all the 
elements of milk quality entei proportionately, its application to the 
grading of milk is a short step and one wdiich can be easily taken. 

REFERENCES 

(1) Lane, C. H., and Whitaker, G. M.: The score card system of dairy inspec- 

tion. U. S. D. A., B. A. I. Circ. 139, 1909. 

(2) Kelly, E., and Taylor, G, B. : Milk and cream contests. U, S. D. A., Circ. 

53, 1919. 

(3) Harding, H. A., Breed, R. S., Stocking, W. A., Jr., and Hasting, E. G.: 

What is meant by ^‘quality*’ in milk. Jour. Dairy Sci., i, 199-217, 

1917. 

(4) Harding, H. A. : Publicity and payment on quality as factors in improving 

a city milk supply. N. Y. Agr. Exp. Sta. Bui. 337. 1911. An. Rept. 

30 (1911): 31-66. 1912. 

H. A, Harding, 
Department of Dairy Husbandry, 
University of Illinois, Urbana, III 




HOT AIR STERILIZATION OF DAIRY UTENSILS 

S. HENRY AYERS and COURTLAND S. MUDGE 

From the Research Laboratories of the Dairy Division, United States Department 

of Agriculture 

INTRODUCTION 

It must first be pointed out that when sterilization of utensils 
is under discussion, the term “Sterilization” is not used in a 
strict bacteriological sense. Normally, of course, sterilization 
means the complete destruction of bacteria, but as commonly 
applied in the dairy industry it means the results obtained by the 
use of steam at about 212°F. Steam at this temperature should 
destroy nonspore-forming bacteria, if applied to a sufficient 
length of time, but spores of bacteria are not destroyed. 

This point should be kept in mind in connection with the use 
of hot air to the sterilization of utensils. Therefore, in order to 
devise a process for the sterilization of utensils by hot air com- 
parable with usual steam sterilization it is necessary only to 
employ a temperature sufficiently high to kill nonspore-forming 
bacteria. 

Hot air has been extensively applied for a long time for the 
sterilization of glassware in the laboratory. For this purpose a 
temperature of about 350°F. has been employed to a period of 
one and one-half hours. In this process the object is to com- 
pletely destroy all hving organisms, both spore formers and 
nonspore formers. In other words, this process effects a com- 
plete sterilization in the strict sense of the term. 

It seems probable that the possibilities of hot air sterilization 
of dairy utensils have been overlooked because of the very high 
temperature and long heating period necessary for complete 
sterilization. Furthermore, the knowledge that moist heat is 
much more efficient as a destructive agent has led to the use of 
flowing steam for the sterilization of dairy utensils. 
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THE BACTERIOLOGICAL PRINCIPLES OP HOT AIR STERILIZATION OP 

DAIRY UTENSILS 

Throughout this paper the term sterilization is not used in a 
strictly bacteriological sense but is used as in the dairy industry 
as previously explained. If it were necessary to use a tempera- 
ture of 350° F. for one and one-half hours, the use of hot air 
would at once become impractical. 

The air, however, need only be at a temperature suflBciently 
high to destroy non spore-forming bacteria when utensils are 
exposed to it for a given period of time. Naturally the lower 
the effective temperature and the shorter the length of exposure 
the more practical will be the process. 

Since it is only necessary to accomplish by hot air the same 
results obtained by steam at about 212° F. a field of possibilities 
is opened up. 

Before hot air sterilization can be properly applied it is neces- 
sary to know the effect of hot dry air on bacteria, since the 
primary object of utensil sterilization is one involving bacteri- 
ology. 

The following points are considered in this paper: 

1. Temperature of hot air and heating period necessaiy to 
destroy bacteria. 

2. Hot air sterilization of cans, where cans can be held, as at 
dairy farms. 

3. Hot air sterilization of cans, where process must be contin- 
uous, as in plants. 

It is realized that the results presented do not solve all the 
problems of hot air sterilization. The practical application is an 
engineering problem which, however, must be based on data of 
the nature of the kind given in this paper. 

TEMPERATURE OF HOT AIR ANb HEATING PERIOD NECESSARY 
TO DESTROY BACTERIA 

As early as 1881 Koch and Wolffhtigel (1) showed that spore- 
free bacteria were destroyed at a temperature of a little over 
212° F. when heated for one and one-half hours. Spore formers. 
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on the other hand, were not destroyed by three hours’ heating 
at 284° F. Since that time other investigations have shown 
that to destroy microorganisms a higher temperature is required 
with dry heat than with moist heat. 

Before experimenting with the sterilization of utensils "with 
dry heat it was considered advisable to determine its effect on 
different bacteria, and studies were made of three organisms, B. 
coli, a heat resistant lactic type of bacteria which was not a 
spore former, and a t3q)ical spore forming organism. 

The cultures were grown on agar, then suspensions of the 
growth were made in sterile distilled water. Previously, a 
number of large bore test tubes had been prepared by inserting 
in them a strip of tin through a cotton plug, and the whole 
sterilized in the dry oven. The sterile strips of tin were then 
immersed in the suspension of bacteria, replaced in the tubes, 
and allowed to dry at about 90° F. Care was taken that these 
strips did not touch the walls of the test tube. 

These tubes were heated in an oil bath and the temperature of 
the air surrounding the strips of tin was determined by a ther- 
mometer placed in a control tube immersed in the bath. 

In the first experiments, a heating period of thirty minutes was 
chosen because this is about the average steaming period for 
dairy utensils on dairy farms which are equipped with a sterilizer. 

After heating, the tubes containing the infected strips of tin 
were allowed to stand until the air hawl cooled to room tempera- 
ture, then they were removed and placed in tubes of sterile 
litmus milk. Complete destruction of the bacteria was deter- 
mined by the absence of growth in the milk tubes. 

The results in table 1 are of interest because they show that 
spore-free bacteria were destroyed at temperatures which were 
relatively low, particularly in comparison with dry heat labora- 
tory sterilization. 

As will be noted, about ten minutes was required to raise the 
air temperature to the desired point and it was maintained at 
the t^perature for thirty minutes. 

B. coli was destroyed after thirty minutes heating at 160° F. 
in one test. In a second test it survived 160° F. but was de- 
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stroyed at 180° F. The thermal death poiat of this organism 
when heated in milk for thirty minutes is about 140° F. It is 
evident, therefore, that it is somewhat more resistant to dry 
heat. The thermal death point of B. coli is sli^tly hi^er when 
heated in milk than nonspore-forming pathogenic bacteria, so 
it seems reasonable to assiune, that their resistance to dry heat 
would be no greater than B. coli. 

The heat resistant lactic type of organism, while not a spore 
former, withstood a higher temperature when heated in milk 
than B. coli, its thermal death point being 168° F. when heated 


TABI.E 1 

The effect of exposing bacteria to dry heat at different temperatures for thirty minutes 


TBMPBXATtrKE 
HEATED AT 

TIME 

BXQtTlRED TO 
BEAT AIR TO 
THIS 

TEMPERATURE 

CUITURE KUXED 

B. coli 

Heat resistant 
lactic type 

spore former 


minuttis 




140 

8 

No 

No 


IftO 

8 ( 

1st testr— yes 

No 



1 

2d test — ^no 



180 

10 

Yes 

No 


212 

13 

Yes 

No 


221 



No 



[ 


1st test— yes 

No 

230 

10 


2d test— yes 



1 


3d test— yes 


260 

7 


Yes 

No 

270 

10 



No 


for thirty minutes. It was realized that organisms of this t3rpe 
which are commonly found in milk would also be on dairy 
utensils and because of their hi^ resistance to moist heat a 
higher temperature dry heat would be necessary for their destruc- 
tion than was required for B. coli. 

This proved to be the case, as shown in table 1. This lactic 
type survived heating at 221° F., but was destroyed in each of 
three tests when heated to 230° F. for thirty minutes. Other 
experiments showed that this organism was destroyed when 
held at 230° F. for ten minutes when the time required to reach 
this temperature was nine minutes. 
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The spore-forming organism was not destroyed even when 
heated for thirty minutes at 270® F, This temperature is prob- 
ably about as high as could be practically employed. The fact 
that spore formers survive such high temperatures should be no 
hindrance to the development of hot air sterilization because 
these resistant spores would not be destroyed by the usual proc- 
ess of steam sterilization now employed in the dairy industry. 

It seems, from these results, that to make hot air sterilization 
successful for dairy utensils a temperature of only 230® F. need 
be employed when it is maintained for thirty minutes. This 
heating period could be employed at dairy farms or at any plant 
where the sterilization of utensils does not have to be a con- 
tinuous process. It is, of course, out of the question where 
utensils must be sterilized in large numbers in a short space of 
time. 

This brings up the question of quick heating with hot air. 
From a few experiments, the results of which are shown in table 
2, it is evident that when the heating period was reduced a 
higher temperature was required to cause a destruction of the 
organisms. 

The experiments were conducted in the same manner as pre- 
viously described except that the heating period was varied. 
Tubes containing the infected strips of tin were heated gradually 
and a tube was taken out every minute and examined for the 
effect of the temperature reached on the culture. B. coli when 
heated in two minutes to 167° F. was destroyed. Evidently a 
short heating period and a low temperature is effective. The 
heat resistant lactic type, however, was not destroyed when 
heated to about 256° F. in a period of six minutes. It was 
destroyed when heated in seven minutes to about 273° F. 

In this connection it is of interest to observe that this organ- 
ism was destroyed by heating for ten minutes at 230° F., but 
in this case the culture had been subjected to a nine-minute 
heating period while the air temperature in the tube was being 
raised from room temperature to 230° F. This emphasizes the 
fact that there is a time and temperature factor to be considered. 
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It should be remembered that the method of determining the 
effect of heat in these experiments measxxred the absolute thermal 
death point of the organism, that is, the temperature at which 
every cell was destroyed. It is very probable that long before 
the temperatures cited were reached the majority of the bacteria 
were killed. In fact only a few cells may have resisted the high- 
est temperature. This point is important in connection with 
the practical application of hot air sterilization. 


TABLE 2 

Effect of heating bacteria rapidly in dry air 


BEATING PERIOD 

BEATBD TO 

CtTETURE KILLED 

CX7LTUBS 

minuter 




1 

129.2 

No 

> 

2 

167.0 

Yes 


3 

m.o 

Yes 

' B, coli 

4 

212.0 

Yes 


5 

224.6 

Yes 


1 

149.0 



2 

195.8 



3 

224.6 

(Heated to 255.2®F. in 


4 

240.8 

6 minutes.) 


5 

248.0 



6 

255.2 

No 

Heat resistant lactic 

1 

147.2 


typo 

2 

197 6 



3 

228 2 

(Heated to 273.2‘*F. in 


4 

249.8 

7 minutes.) 


5 

264 2 



6 

269.6 



7 

273.2 

Yes 



HOT AIR STERIUZATION OF CANS, WHERE CANS CAN BE HELD AS 

AT DAIRY FARMS 

From the data obtained in the experiments previously reported 
it seemed evident that on theoretical grounds, at least, good 
results could be obtained in utensil sterilization by an exposme 
to hot air at 230“ F. for a p^iod of thirty minutes. A proce^ of 
this nature should be practical for use on dairy farms or any 
place where there is plenty of time for sterilization. 
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Experiments were, therefore, conducted with the sterilization 
of cans under laboratory conditions. An apparatus was con- 
structed which consisted of a gas oven with a fan inside so 
arranged that it would blow air into an inverted can. Heat was 
supplied by a gas burner beneath the oven so that any desired 
temperature could be maintained. Determinations were made 
of the time required to heat the air in the can to the desired 
temperature with the fan running at a definite speed and the air 
entering the can at a known temperature. From these figures 
it was possible to place cans in the apparatus and heat them to 
any temperature desired and hold them for any length of time. 

The cans used in the experiments were filled with milk which 
was allowed to sour in them. Sometimes cream was used in 
place of milk. The three 4-quart cans which were employed in 
each experiment were handled in the same manner except that 
two were sterilized for different lengths of time and the third 
was kept for a control. It was washed the same as the other 
two but not sterilized. The cans were washed in water at about 
112° F. so as not to give a very efficient washing and to avoid 
destroying any bacteria through heat. No washing powder 
was used and the cans were not rinsed at all carefully. In fact 
the drippings from the cans when they went into the hot air 
sterilizer were milky. This type of washing was purpKisely 
employed in order that the cans would be in a condition worse 
than would normally be encountered. It was felt that if effi- 
cient sterilization could be obtained by hot air treatment with 
the cans in the condition as used in these experiments, then 
successful results could surely be expected under commercial 
conditions where the cans would be more thoroughly washed. 

After sterilization, the cans were examined for bacteria by 
rinsing with 100 cc. of sterile water and plating. The bacteria 
in the control unheated can were determined in the same manner. 

From the figures shown in table 3, it is evident that efficient 
sterilization was obtained when cans were heated for thirty 
minutes at 230° F. Six minutes was required to raise the tem- 
perature of the air in the can to this point. Heating for only 
fifteen minutes caused a very great reduction in bacteria but the 
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results were not so uniformly good. It should be noted that the 
figures represent the mrniber of bacteria per 4-quart can and not 
the number on the plates. 

In one experiment cream was allowed to sour in the cans for 
four days. In this case, as will be noted, special methods were 
used to detect yeasts and molds. The yeasts were d^troyed at 
both holding periods and for practical purposes the same might 
be said of the molds. The numbers of the organisms being 200 
and 100 per can represent two and one colonies on each plate. 

TABLE 3 


The destruction of microorganisms in milk cans by exposure to dry air a* 


BEAIES 

NUMBER 

CONTENTS or CAN 
BEFORE WASHING 

NUMBER BACTERIA PER CAN 

Washed 

Heated 

15 minutes 

Heated 

30 minutes 

1 

Sour milk 

3,400,000,000 

100 

100 

2 

Sour milk 

510,000,000 

300 

100 

3 

Sour milk 

3,600,000,000 

300 

400 

4 

Sour milk 

760,000,000 

1,800 

600 

5 

Sour milk 

1,080,000,000 

500 

800 

6 

Sour cream 

222.000,000 

400 

400 

7 

Sour milk 

1,400,000,000 

800 

200 

8 

Sour milk 

1,570,000,000 

1,500 

200 

9 

Sour milk 

1,500,000,000 

4,000 

200 

10 

Sour milk 

3,110,000,000 

4,200 

400 

11 

Sour cream, 4 days old 

1,100,000.000 

21,700 

400 

11 


Yeasts: 18,000,000 

I Yeasts : 0 

Yeasts: 0 



Molds: 7,000,000 

1 Molds: 200 

Molds: 100 


These might easily have been contaminations which are com- 
monly observed in these laboratories. In all the experiments 
the cans were completely dry after the heating process. They 
dried very rapidly when the air temperature reached 212® F. 

It is believed from these results that hot air at 230° F. for a 
period of thirty minutes can be us^ satisfactorily for the sterili- 
zation of dairy utensils. Moak (2) reports the use, with excel- 
lent results, of dry heat for sterilization on a certified milk farm. 
From his paper it seems that a temperature of about 270® F. 
was employed for two hours. The results of our experiments 
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indicate that it is not necessary to use such high temperatures 
and that thirty minutes’ heating is sufficient. This would 
naturally reduce the cost of the sterilizing process. 

HOT AIR STERILIZATION WHERE PROCESS MUST BE CONTINUOUS 
AS IN MILK PLANTS 

The application of hot air sterilization in plants where a large 
number of cans have to be handled in a short time presents an 
entirely different problem from that of the dairy farm. In this 
case it is a question not only as to whether it is possible to obtain 
a satisfactory sterilization in a few minutes but also whether it 
can be done on a practical scale. Only the first problem will be 
considered in this paper, namely, is it possible to sterilize cans 
by hot air in a few minutes time? 

From results reported earlier in this paper it was evident that 
if the holding period was reduced the temperature must be 
raised. Acting upon this information the temperature first 
used was 248°F. Cans were treated in the same manner as 
when held for thirty minutes at 230° F., but in this series of 
experiments the air in one can was raised to a temperature of 
248° F. in four minutes and the other can, heated to this temper- 
ature in the same length of time, was held at it for two minutes. 
The unheated control can was treated as usual. 

The results in table 4 show that a great destruction of bacteria 
took place when the air in the cans was raised from about 112° F., 
the temperature after washing, to 248° F. in four minutes but 
the results were not uniformly low. When held two minutes, 
making a total heating period of six minutes, much better results 
were obtained. In one experiment it was found that the yeasts 
were destrosred and the molds practically so. 

The results obtained with the four-minute heating and two- 
minute holding periods were not as good as those obtained when 
a temperature of 230° F. was employed and maintained for 
thirty minutes. It must be remenjibered, however, that the 
cans were in an extremely bad condition and this heating process 
might prove satisfactory if the cans were properly wa^^. 
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Another series of experiments was conducted, using an air 
temperature of 266° F. In this case the time required to heat 
the air in the cans to this temperature was five minutes. One 
can was merely raised to 266°F. and the other held two minutes 


TABLE i 

The destruction of microorganisms in milk cans by exposure to dry air at 




NUMBER BACTERIA PER CAN 

.SERIES 

NUMBER 

CONTENTS OF CAN 
BEFORE WASHING 

Washed. 

Heated to 
248",F.in 

4 niinuteB 

Heated to 
248® F. in 4 
zninutea and 
held 2 minutes 

1 

Sour milk 

51,000,000 

300 

300 

2 

Sour milk 

17,300,000 

6,200 

3.700 

3 

Sour milk 

33,000,000 

2,000 

300 

4 

Sour milk 

1,050,000,000 

700 

100 

5 

Sour milk 

1,540,000,000 

241,000 

90,000 

6 

Sour milk 

600,000,000 

1,100 

500 

7 

Sour milk 

1,310,000,000 

3,200 

100 

8 

Sour milk 

1,280,000,000 

15,600 

400 

9 

Sour milk 

2,500,000,000 

54,900 

900 

10 

Sour milk 

98,000,000 

600 

0 

11 

Sour cream, 4 days old 

370,000,000 

1,600 

1,000 

11 


Yeasts: 1,290,000 

Yeasts: 0 

Yeasts: 0 



Molds: 550,000 

Molds: 100 

Molds: 100 


TABLE 5 

The destruction of bacteria in milk cans by exposure to dry heat at 



CONTENTS OF CAN 
BEFOBB WASHING 

NUMBER BACTERIA PER CAN 

8EBJES NUMBER 

Washed 

Heated to 266® F. 
in 5 minutee 

Heated to 266* F. 
in 6 minutes and 
held for 2 minutes 

1 

Sour milk 

5,700.000,000 

1,000 

600 

2 

Sour milk 

2,300,000,000 

3,600 

100 

3 

Sour milk 

2,400,000.000 

700 

300 

4 

Sour milk 

1,280,000,000 

7,800 

100 

5 

Sour milk 

2,100,000,000 

13,300 

900 


at this point. Here again, as may be seen from table 6, the 
effect of the two-minute holding period could be observed and 
the results were very satisfactory. 

One more series of experiments was tried in hopes of being 
able to reduce the heating period to four minutes by increasing 
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the temperature. In these experiments a temperature of 284° F. 
was employed and the air in one can was raised to this point in 
four minutes. Another can was heated in the same time and 
held two minutes at this temperature. 

The results in table 6 show that in both cases good reductions 
were obtained, although here again the value of the two-minute 
holding period at 284° F. was manifest. The greater efficiency 


TABLE 6 

The destruction of microdrganisms in milk cans by exposure to dry air at 




NUMBER BACTERIA PER CAN 

BERTES 

NUMBER 

CONTENTS OP CAN 
BEFORE WABHINO 

Washed 

Heated to 
284* F. in 

4 minutes 

Heated to 
284* F. in 4 
minutes, then 
held 2 minutes 

1 

Sour milk j 

450,(K)0,0(K) 

2,000 

100 

2 

Sour milk 

730,000,000 

200 

300 

3 

Sour milk 

900,000,000 

200 

200 

4 

Sour milk 

410,000,000 

700 

200 

5 

Sour milk 

660.000,000 

1,000 

600 

6 

Sour milk 

1,010,000,000 

1,900 

200 

7 ! 

Sour milk 

2,100,000,000 

500 

100 

8 ! 

Sour milk 

1,260,000,000 

2,400 

700 

9 

Sour milk 

1,390.000,000 

400 

400 

10 

Sour milk 

530,000,000 

400 

700 

11 

Sour cream, 5 days old 

960,000,000 

400 

300 

11 


Yeasts: 1,900,000 

Yeasts: 0 

Yeasts: 0 



Molds: 4.000,000 i 

Molds: 100 

Molds: 100 


of 284° F. over 248° F. is shown by comparison of the bacterial 
reductions in tables 4 and 6. This is particularly true when the 
air in the cans was merely heated to the temperatures indicated. 
In all the experiments the cans came out perfectly dry. 

An interesting point is indicated by the results of these experi- 
ments, namely, that to obtain effective sterilization a certain 
minimum length of exposure seems to be necessary. While the 
holding period can be reduced as the temperature is increased 
there seems to be a point beyond which the increase in tempera- 
ture does not permit of a proportionate decrease in the holding 
period. 
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SUMMARY 

1. The destructive effect of hot air on various types of bac- 
teria is shown. 

2. A temperature necessary for effective sterilization of utensils 
has been determined which seems to make the process of hot air 
sterilization practical for dairy farms or plants where utensils 
can be held. 

3. The temperature of hot air necessary to cause sterilization 
in from four to sk minutes has been determined. 

4. No definite facts have been presented to show the value of 
hot air sterilization from a practical standpoint. The results 
merely point out some of the fundamental facts upon which rest 
the commercialization of the process. This is an engineering 
and economic problem. 
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A RAPID ACIDITY TEST FOR GRADING MILK* 

ROSCOE H. SHAW 

, Research Laboratories, Dairy Division, Bureau of Animal Industry, United States 
Department of Agriculture, W ashington, D. C, 

Some time ago the author w^as called upon to devise a quick 
acidity test for use in the condensery department of the Grove 
City, Pa., Creamery. A test w'as required that could be used 
in the receiving room to indicate whether a certain can or lot 
of milk was within a fixed limit in acidity. The ordinary method 
of titrating with to alkali is entirely too slow for the piirpose. 
The test herewith described was in successful use for several 
years and is presented with the thought that it may be useful 
to others having similar requirements. No special originality 
is claimed for the two small dippers, since it is understood that 
somewhat similar dippers have been in use for some time in 
certain establishments. 

Two small dippers of equal capacity and preferably of brass 
are required, one for measuring the milk and the other for meas- 
uring the special alkali solution. Fifteen or 20 cc. is a convenient 
size. The one for milk should be provided with a handle long 
enough to reach down into a milk can, while the handle of the 
other should be about 6 inches long. 

The special stock alkali solution contains 17.777 grams of 
sodium hydroxide per liter® and is of such strength that when 
50 cc. of it is diluted to 1 liter with distilled water, making what 
may be termed the working alkali solution, unit volume of the 
latter will exactly neutralize the acid in unit volume of milk 
of 0.2 per cent acidity. This working alkali is a flexible one. 
It can be adjusted for any desired acidity of milk by simply 
using more or less of the stock alkali solution when making it 

^ Published by permission of the Secretary of Agriculture. 

< This solution must be carefully prepared. Since sodium hydroxide absorbs 
moisture from the air, it cannot be made by simply weighing out 17.777 grams, 
dissolving, and diluting to one liter. If a chemist is not available the solution 
should be purchased from a reliable chemical or creamery supply house. 
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up. For example, if it be desired to have the working solution 
of such strength that unit voliunes of it and 0.22 per cent acidity 
milk will neutralize, then instead of diluting 50 cc. of stock solu- 
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Chabt 1 


tion 55 cc. would be used. The accompanying chart shows the 
quantity of stock solution to be diluted to one liter for any 
desired acidity of milk. 
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In preparing the working alkali solution the proper quantity 
of the stock alkali solution should be carefully measiu^d from a 
burette into a liter volumetric flask and then distilled water at 
room temperature added to the mark. Shake the mixtme well. 
For convenience it can be poured into a large beaker into which 
the brass dipper can easily be submerged. Only enough of the 
working alkali solution for one day’s run should be made up. 
If any is left it should be thrown away. 

The manner of using the test will at once be apparent. Simply 
lower the milk measuring dipper into a can of milk and pour 
contents into a white cup or white enamelled dipper. Add a 
few drops of phenol-phthalein solution (1 per cent in alcohol). 
Now pour in a dipperful of the working alkali solution and mix 
by pouring into another white cup or enamelled dipper. If the 
working alkali solution was prepared for 0.2 per cent acidity 
milk then the milk will remain pink if it is less than 0.2 per cent 
acidity and it will become colorless if it is 0.2 per cent or more. 
Perhaps a better way is to add the indicator to the working 
alkali solution while making it up. If this is done enough should 
be added before making up to the mark to color the solution an 
intense pink. The amount to use can be learned only by experi- 
ence, but 2 cc. of the phenol-phthalein solution is suggested. 

It is suggested that the test be checked up with the titration 
method before it is relied upon finally, for it must be remembered 
that the personal equation plays an important part in testing 
milk for acidity. To some eyes milk will have a decided pink 
tint, while to others it will appear colorless. It must also be 
taken into accoimt that the working alkali solution is dilute 
(about and four or five drops will be required to produce the 
same color change that one drop of to alkali will produce. Conse- 
quently it is quite possible that with milk testing 0.19 per cent 
or even 0.18 per cent acidity the special test will show a colorless 
milk to some operators when it should show a pink tint. In 
such cases it will be necessary to increase the strength of the 
working alkali solution until it does react at 0.2 per cent acidity. 
If this be done a proportionate increase must of course be made 
for all other acidities. 



94 


K08C0E H. SHAW 


The stock alkali solution is rather concentrated and unless 
care be taken the glass cock in the burette will stick. It is not 
advisable to let the alkali solution remain in the burette after 
using. It is best to pour what remains back into the bottle 
and rinse out the burette with water. 

In testing cream for acidity it will be necessary to rinse out 
the dipper with water and add the rinsings to the charge. Cream, 
being more viscous than milk, will adhere more to the walls of 
the dipper. 



PERFORMANCE IN SOME OF THE LEADING 
GUERNSEY SIRES 

DEVOE MEADE 

Department of Animal Husbandry ^ University of Maryland, College Park Maryland 

INTRODUCTION 

I'he continuous improvement of the herds of live stock in the 
country depends upon the elimination of the unfit and the 
selection for mating of those individuals which possess in the 
highest degree the desirable character sought and which are still 
further endowed with the power to transmit their qualities to 
their offspring. Two things aie therefore necessary to be deter- 
mined in the systematic selection of animals and in the improve- 
ment of breeds. First, it must be determined which are the 
superior individuals of the breed and second, so far as possible, 
it must be ascertained with what degree of force and uniformity 
these animals transmit their productive qualities and capacity. 
Especially is this true of the sire since the relative influence of 
the male, because of his opportunity, is so much greater than is 
the influence of any single female. 

In order that one may obtain the greatest success in breeding 
dairy cattle, it is necessary that he should have some definite 
plan of breeding, some definite method by means of which males 
and females, especially the former, may be selected. Some means 
.should be provided whereby the leading productive strains may 
be located and their prepotency, so far as concerns production 
capacity, indicated by some measurable quantity. It was with 
the idea of studying the transmitting power of some of the lead- 
ing Guernsey sires that this work was undertaken. It is intended 
to continue this research so as to include a similar study of the 
transmitting power of these bulls through their sons’ daughters. 
This paper is therefore presented not as a concluded work but 
as a report of work still in progress. 
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MATERIAL 

All Guernsey bulls having 25 or more daughters in the Ad- 
vanced Registry up to July 1, 1918 were studied. To this list 
of bulls was added Ne Plus Ultra because of the present strong 
demand for his progeny and also because of the fact that he was 
owned by Mr. S. M. Shoemaker of Eccleston, Maryland, one of 
the leading Guernsey breeders of the state. Altogether 14 bulls 
were included in the study. The following is an alphabetical 
list of the bulls regarding which data were collected. The 
number preceding the name of the bull indicates the number 
by which that bull should be known throughout this discussion. 
The first number following the name of the bull is his herd book 
number. The number in parenthesis designates the number of 
Advanced Registry daughters which he has. Following this is 
the date of birth : 


1. Cora’s Governor of Chilmark (Imp) 8971 (40). May 5, 1903 

2. Galaxy’s Sequel (Imp) 16904 (40) June 12, 1904 

3. Glenwood Boy of Haddon 4605 (26) February 11, 1895 

4. Glcnwood’s Main Stay 6067 (26) May 13, 1899 


5. Golden Noble II R. G. A. S. 1836 P. S. (26). . . .November 21, 1905 

6. Governor of the Chene R. G. A. S. 1297 P. S. (76) . . September 5, 1900 

7. Justinee’s Sequel of the Preel R. G. A. S. 2119 P. S. (35) 

September 26, 1907 


8. King of the May (Imp) 9001 (25) February 6, 1903 

9. Lord Mar (Imp) 14359 (27) May 10, 1905 

10. Masher R. G. A. S. 63 F. S. (31) May, 1904 

11. Masher’s Sequel (Imp) 11462 (68) April 14, 1900 

12. Ne Plus Ultra 15265 (20) June 23, 1909 

13. Prince of Groton 9841 (26) December 18, 1902 

14. Princess’s Jewel (Imp) 25877 (28) January 6, 1906 


Of these 14 bulls 10 were bred on the Island of Guernsey. Six 
have been imported. Nine of these bulls belong to four great 
Guernsey families, namely. Governor of the Chene, Masher, 
Glenwood Girl, and May Kose. The daughters of these 14 
bulls have 631 advanced registry records to their credit. The 
calculations herein contained, therefore, include 631 individual 
butter fat records. 
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METHOD 

It is coming more and more to be recognized that dairy bulls 
should be selected on the basis of performance, rather than upon 
some other abstract quality. While no definite standard for 
measuring performance has yet been uniformly adopted, it is, 
however, very generally agreed that performance in the bull 
should be measured by his ability to endow his daughters with 
the power of high milk or high butter fat production or both. 

A number of different methods of expressing the relative 
productive capacity of bulls have been used at different times. 
Among such methods the following may be enumerated : 

1. The total number of advanced registry daughters which 
a bull has. 

2. The number of daughters that a bull has that have exceeded 
some arbitrary high production standards, such as 600 or 600, 
pounds of butter fat per year. 

3. The number of daughters equivalent to 1000, 800, 600 
etc., pounds of butter fat per year calculated on the basis of the 
yearly advanced registry requirements for the class or age. 

4. The percentage production of all advanced registry daugh> 
ters based upon the standard advanced registry requirements 
according to age. 

The first method of comparison is open to the very serious 
criticisms that both the age and the opportunity of the bull 
which very materially effect results are not taken account of. 

Methods two and three are open, in a degree, to somewhat the 
same objections as method one. These methods are also objec- 
tionable because of the fact that emphasis is placed upon extreme 
variation in production rather than upon high average yield. 
By calculating the results secured in methods two and three in 
terms of percentage of total number of advanced registry daugh- 
ters which are high producers, we may, in a measure, eliminate 
the effects of age and opportunity but too much emphasis is 
still placed upon the upper extremes of production. 

The fourth method takes into consideration the production of 
every tested daughter thus eliminating the effects of age and 
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opportunity. This method also has an added advantage over 
the others in that it points out the bulls whose daughters have 
the highest average of production. The most valuable bull 
from the standpoint of breed or herd improvement is not the 
bull that is the sire of a few exceptional individuals, the remainder 
of his female offspring being perhaps inferior, but it is the one 
whose daughters are possessed, on the average, of the highest 
degree of production. The fourth method of comparison is the 
system followed in this study as it is felt that this method is 
more free from criticism than the others. 

DISCUSSION 

The daughters of each bull were grouped, following the Guern- 
sey Advanced Registry Classification, into their respective age 
classes. Table I gives the Age Classes with their respective age 
limits together with the standard production requirement 
assumed for each class. 


TABLE 1 


CLASS 

AOE LIMIT 

YEARLT BUTTEKFAT 
BEQUIBEMENT 

A 

5 years or over 

360.0 

B 

4i to 5 years 

341.8 

C 

4 to 4i years 

323.5 

D 

3i to 4 years 

305.3 

E 

3 to 3i years 

287.0 

F 

2J to 3 years 

268.8 

G 

Under 2i years 

250.5 


An example will serve to illustrate the method of calculating 
the rate of production per individual based on the standard 
requirement for the class. If a cow under two years and six 
months of age produces 501 pounds of butter fat per year her 

. / 601 \ 

percentage of production is 200 1 25 i^ ^ averi^ 

percentage production of each bull is obtained by getting the 
average percentage production of all his daughters. 

In any method of comparison there is no possible way of 
eliminating or measuring the effects of factors such as the quality 
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of cows with which the individual buUs were mated, the environ- 
mental conditions under which the tests were conducted, the 
production of untested daughters or of tested daughters who 
failed to make at least the minimum advanced registry require- 
ments set by the Association. It is unfortunate, but of neces- 
sity it is true, that this or any similar study must be made of 
a more or less selected population. Any method of comparison 
to be absolutely comparable would require that all bulls under 
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consideration be bred to the same cows and that all offspring 
be reared, developed and tested under the same envu’onmental 
conditions, which obviously is impossible. 

Table 2 gives the number of records obtained by the daughters 
of each bull, the average percentage production of all of the 
daughters of each bull and the average percentage production 
of the daughters of each bull by age classes. At the bottom 
of the table is given the average percentage value of each class. 
This value w'as secured by taking a weighted average. 
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Arranging the 14 bulls in descending order according to the 
average percentage production of their daughters, they rank 
as follows: 


8. King of the May 211 

12. Ne Plus Ultra 193 

5. Golden Noble II 168 

1. Cora’s Governor of Chilmark 100 

9. Lord Mar 160 

6. Governor of the Chene 158 

3. Glenwood Boy of Haddon 153 

7. Justinee’s Sequel of the Preel 151 

2. Galaxy’s Sequel 161 

14. Princess’s Jewel 148 

11. Masher’s Sequel 139 

4. Glenwood’ s Main Stay 137 

10. Masher 128 

13. Prince of Groton 128 


King of the May, the percentage production of whose daugh- 
ters is 211, heads the list. King of the May is followed by his 
grandson Ne Plus Ultra whose value is 193. Golden Noble II 
comes third with a value of 168. Governor of the Chene, who 
has more daughters in the Advanced Registry than any other 
Guernsey Bull, stands sixth. Masher’s Sequel, who for a long 
time ranked first in the number of advanced registry daughters, 
stands eleventh. 

An inspection of table 2 will show that cows in classes “A” 
and “B” have lower percentage values than cows in the other 
classes. The data here presented would tend to indicate that 
it is hardest for mature cows and senior four years olds and 
easiest for senior three and junior two year olds to meet or 
exceed the present advanced registry requirements of the breed. 
The mature cows and senior four years olds exceed the require- 
ments by only 44 per cent whereas the senior three year and the 
junior two year olds exceed the standard by respectively 76 
per cent and 71 per cent. Consequently, those bulls having a 
large proportion of their tested daughters in classes “A” and 
“B” are at a distinct disadvantage when the present standards 
of fat production are the basis of comparison. 
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While the data presented in table 2 is too limited in amount 
to permit of the drawing of any definite conclusions, the indi- 
cations are, taking ^the average percentage production of each 
age class as the basis of comparison, that the present standard 
requirements of the breed associations are not comparable for 
all age classes. For example: Classes “A” and “B” each exceed 
the standard requirement by only 44 per cent whereas Classes 
“D” and “G” exceed the standard by 76 per cent and 71 per 
cent respectively. If the present standard requirement of 360 
pounds of butter fat for the mature class is maintained, the 
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requirement for the other age classes are undoubtedly all too 
low, and, in order to place all age classes on an equal basis, should 
be increased. Further study, however, is necessary to accurately 
determine what the standard of the age classes should be. 

In determining the respective productive capacity of two or 
more bulls, both the average percentage production and the 
distribution of his daughters as to age classes should, therefore, 
be taken into account. 

Table 3 gives the number and percentage distribution of the 
daughters of each bull according to age classes. 
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Bull no. 8, King of the May, has 63.3 per cent of his daughters 
in classes “F” and “G.” Bull no. 12, Ne Plus Ultra, has 67.9 
per cent of his daughters in the same two classes. These two 
bulls head the list. Bulls no. 10 and no. 13, w^ho are at the bot- 
tom of the list have only 18.8 per cent and 6.9 per cent respec- 
tively in classes “F” and “G.” On the other hand, respectively 
34.3 per cent and 86.2 per cent of their daughters are in classes 
“A” and “B.” It will be seen from the data here presented that 
there is quite a w'ide variation in the percentage distribution of 
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the daughters of different bulls in the several age classes. How- 
ever, considering this diversity of distribution in conjunction 
with the differences in percentage productions of daughters, it 
is doubtful, so far as these 14 bulls are concerned, if the rank 
of the bulls on the percentage production of daughters only 
would be materially changed. 

Table 4 gives the percentage of the records of the daughters 
of each bull falling within the several production groups, each 
group being based upon the percentage by which the records 
of the daughters exceed the breed standard. 
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Of the 52 records of the daughters of bull no. 1, 7.7 per cent 
have exceeded the breed standard by 100 to 120 per cent; 21 
per cent by from 121-140 per cent; 25 per cent from 141 to 160 
per cent, etc. Only four of the 14 bulls have produced daughters 
exceeding the breed requirements by over 250 per cent. The 
most frequent distribution is found in the group 121 to 140 
per cent. On the average, 23.8 per cent of the records fall in 
this group. 20.2 per cent of the records fall in group 141 to 
160 per cent and 18.7 jier cent fall in group 161 to 180 per cent. 
Therefore, 62.7 per cent of all records fall in these three groups. 

SUMMARY 

There are a number of different methods available for study- 
ing the performance or productive capacity of bulls, taking the 
production of their daughters as a basis for comparison. The 
method which appears to be the most free from criticism is to 
make a comparison using as a measure of performance the per- 
centage production of all advanced registry daughters based 
upon the standard advanced registry requirements according 
to age. 

There is a great difference in the production capacity of bulls 
as indicated by the records of their daughters. King of the May 
and Ne Plus Ultra have performance records of I'espectively 
211 per cent and 193 per cent while Masher and Prince of Groton 
-^Avformance records of only 128 per cent. The average 
pi,.. ' ^"ughters of all bulls is 158 per cent. 

It is to DC i... ' be selected upon the basis of 

his performance as inaiv. -Auction capacity of 

his daughters rather than upoi. ^r lineage. 

Individuality and lineage indicate wha,/ '’+y 

of a bull may be; performance is a measure of wu^ iy 

is. The ideal combination is, of coui'se, excellent indiviu.. } 

strong ancestry, and superior performance. It is hardest for 
cows in classes “A” and “B” and easiest for cows in classes “D” 
and “G” to meet or exceed the advanced registry requirements. 
Cows in classes “A” and “B” exceed the requirements by only 
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44 per cent whereas the cows in classes “D” and “G” exceed the 
requirements by 76 per cent and 71 per cent respectively. 

Owing to the fact that the present breed requirements for the 
various age classes are not entirely comparable, the apparent 
productive capacity of a bull should be considered with reference 
to the distribution of his daughters in the various classes. 

The largest proportion of the records made by the daughters 
of the 14 bulls falls within the groups producing from 121 per 
cent to 180 per cent production based upon the standard require- 
ment for the breed. Approximately 63 per cent of all records 
fall within these groups. 



ACIDITY AND QUALITY 

F. W. BOUSKA 

American Association Creamery Butter Manufacturers^ Chicago^ Illinois 

Methods of making butter are the result of ideals and con- 
ditions. Originally butter was made on the farm. As enough 
cream to make a churning was being accumulated it soured 
spontaneously. About one-half of our butter supply comes 
from cream soured and churned on the farm. The other half 
is made in creameries and also from sour cream. The majority 
of this cream is also soured on the farm. 

Buttermaking is the pioneer dairy industry. Concentration 
of population in large cities forces the butter territory farther 
away. The vicinity of Elgin no longer produces butter. Its 
dairy product is sold as market milk. New York City reaches 
400 miles for market milk and cream and many so-called “cream- 
ery” in New York state is only a milk and cream shipping 
establishment. Cheese factories, condenscries, and milk powder 
plants crowd the butter maker farther and farther from the 
large consuming centers. Since these dairy plants can pay a 
better price they choose the best developed territory with the 
best volume. Thus the creamery is always the vanguard of 
dairy manufactures. Early writers on American dairying 
regarded it confined to a “Dairy Belt” lying between the fortieth 
and forty-fifth parallels and the Atlantic Ocean and Missouri 
river. This strip is north of Columbus, Ohio, and south of St. 
Paul, Minn. In the last ten years the relative increase in pro- 
duction of creamery butter has been much greater outside of 
this “Dairy Belt” than within it. Inability of production of 
butter to keep up with the increase in population has crowded 
buttermaking into less favorable territory and into hands of 
farmers who never before were creamery patrons. 

Not only was the butter produced near the points of con- 
smnption but our grandmothers brought it directly home as 
purchased. It did not have to make a round trip of the city 
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in a delivery wagon. More of it went directly from the farm 
to the consximer. Now wholesalers of butter and the rapidly 
growing chain stores prefer butter whose uniformity and keeping 
quality are dependable. 

A generation ago there was a surfeit of butter in the sximmer 
and a butter famine in the winter. Now cold storage tends to 
equalize these extremes. 

In the meantime the cost of farm labor has risen to such a 
figure that the farmer carefully considers where to apply his 
labor and whether to employ outside labor. 

The foundation of a creamery is an economic one. It per- 
suades the farmer that it can make better butter and ohet^er 
than he can. The creameries have convinced the farmers 
furnishing butterfat for the 600,000,000 pounds of creamery 
butter that this is true. Creameries are going into the remotest 
comers of the land and striving to convince the farmers making 
900,000,000 pounds of farm butter that it would be better for 
them to shunt this work upon the creameries. 

Hence, the following facts stand out prominently: 

1. Marketing at long range and cold storage created a new 
requirement for butter: Keeping quality. This is appreciated 
more and more. 

2. Taking possession of the best dairy territory by more 
intensive dairy manufactures and the increasing cost of farm 
labor have made it more difficult to care for cream and more 
difficult to deliver it frequently. 

3. Increasing scarcity and the rising price of butter have 
caused creameries to solicit cream wherever it may be found. 
Creameries propogandize for more cows, better cows, better 
fed cows, and better quality of cream. 

High cost of labor is rapidly forcing wholemilk creameries to 
give way to cream creanaeries. Even in Minnesota, the field 
of the wholemflk creameries, they are a small minority. Cream 
produced on farms fumidres practically all of our butter supply. 
A large part of this cream is received sour. Ail creameries want 
good cream. They would rathor have the cream sweet. They 
make great efforts to improve the quality of cream. Education, 
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iJereuasion, and prices are available as means for bringing about 
improvement. Good sour cream makes ninety point butter. 
If the bulk of sweet cream butter scored 93, it would be doing 
better than it is doing. This improvement in quality usually 
brinp two cents a pound more for the butter and sometimes 
three. Assuming that a cow produces one-half pound of butter- 
fat daily the extra pay for better care and for going to town 
before the cream sours, say every day or every other day, is 
4 cents a day for four cows; 40 cents a day for ten cows; 80 
cents a day for twenty cows. 

It is obvious that the question whether the increase in price 
is a sufficient inducement depends on the size of the herd. Many 
states average less than four cows per farm. Clubbing or the 
operation of routes in those localities where it is feasible greatly 
increases the premium available for sweet cream. Paying a 
better price for better cream is economically and morally right. 

A small volume of dairy butter sells at fancy prices, say a 
dollar a pound, and some creamery butter is reported to bring 
premiums as high as ten cents a pound. Every creamery that 
can sell its butter at this advantage should do so and we are 
told that the supply of this butter is not equal to the demand. 
I believe that the number of consumers who will pay ten cents 
more than the prevailing price is very small. Indeed, the rich 
people who have been eating oleomargarine for patriotic reasons 
or to help bring down the price of butter are much more con- 
spicuous. I have never seen any fancy priced butter on sale 
in Chicago. I have eaten at most of the public eating places in 
America. I am seldom served with fancy butter. It is usually 
good ordinary butter. 

Butter possessing good keeping quality is preferred by buyers. 
If it does not have keeping qualities its flavor is uncertain and 
cannot be uniform. Butter that remains eatable for two weeks 
at approximately 65° or for four to six months in cold storage 
is a good keeper. The following are requisites for good keeping: 
(1) Low acidity, (2) pasteurization, (3) elimination of butter- 
nulk, (4) proper working. 
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Butter from the freshest and sweetest cream does not keep 
well unless pasteurized. Even if sweet and pastemized it does 
not keep well if overworked or if the buttermilk is not well 
eliminated. Thus in spite of supposedly good material much 
butter keeps poorly. The economic and hygienic need of pas- 
teurization is obvious. 

If som cream is pastemized the butter has a scorched flavor, 
a high curd content, the loss of fat in churning is heavy (often 
3 per cent) and often the cream curdles or becomes ropy. In 
fact, heating sour cream makes cottage cheese out of it but the 
curd is usually so finely divided that it is not visible. The curd 
adheres to the plastic butter granules thus giving the butter a 
high curd content. Fat globules are imprisoned in this cottage 
cheese and thus a large loss of fat in the buttermilk occurs. 

The pasteurization of sour cream causes so much difi&culty 
and loss that it is impractical as a general program. Keducing 
the acidity with limewater alleviates these diflSiculties. As the 
acidity is depressed lower and lower these difficulties lessen. 
They are practically eliminated when the acidity is lowered to 
0.25 per cent to 0.35 per cent (14° to 20° Manns’). 

Naturally, lime for neutralizing cream should be as pure as 
possible. The usual impurities are sand, clay, and iron. The 
first two leave characteristic settlings after slaking. The iron 
gives the unslaked lime a reddish color. Poor results from lime 
are much more often due to improper making up than to chemical 
impurities. Improper mixing produces a granular mixture which 
imparts to butter a great deal more hmey taste than a smooth 
mixture. This is very noticeable in hot weather when cream 
is very sour. 

The following method produces a smoother lime mixture than 
any other method we have ever seen: Take 17 poimds of water 
as hot as you can get it and add to it 3 pounds of powdered or 
lump qmcklime. Do not put this all in at once but add it in 
four installments with thorough stirring between. Reversing 
the method and adding water to lime or adding aU lime at once 
is very likely to produce a granular mixture. When cool the 
mixture is judged by stirring and then dipping into it the hand 
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to the wrist and observing the smoothness of the mixture on the 
palm of the hand. If it is smooth like milk it is a good mixture; 
if two or three particles smaller than pinheads are visible it 
is a fair mixture; if the palm shows many particles like cottage 
cheese it is a poor mixture. Cream is neutralized before it is 
heated much to such an acidity that it has 0.25 per cent to 0.35 
per cent (18° to 20° Manns’) after pasteurizing. Pasteurization 
lowers the acidity more or less. 

If the cream is to be ripened again the acidity is usually 
reduced to 0.16 per cent to 0.22 per cent (9° to 12° Manns’) 
and then ripened to about 0.5 per cent (29° Manns’). 

The best way is to put the cream in a supply vat or forewarmer 
and then cut the acid to the desired point. 

The action of lime is very slow and plenty of stirring and time 
should be given before concluding that more lime is needed. 
If the acidity after pasteurizing is too high it should be cut down 
before starter is added, or before churning. 

The more cream is heated before neutralizing the larger the 
loss of fat in buttermilk. Many losses are caused this way. 
Some heating is of course necessary to insure mixing. Not 
much harm is done by holding less than one hour at 90° or a 
minute or so at 120°. Any temperature above 90° is liable to 
increase losses if prolonged. The lower the temperature and 
shorter the time the better. 

Any quantity of mixture can be prepared by multiplying the 
above proportions (17 and 3) by a suitable factor. Five times 
gives 85 -1- 15 = 100. This is a 15 per cent mixture. A richer 
mixture is usually more granular. A thinner one is seldom 
smoother and is more bulky. 

Hydrated lime is preferred by some. It is made up by mixing 
with cold water to a consistency of rich milk or 15 per cent. If 
uniformly made up this mixture has uniform strength but is 
somewhat more gritty. 

Either mixture may be used as soon as well mixed or when 
smooth or the next day. 
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It is known that 0.3114 pound of dry quicklime neutralizes 

I pound of lactic acid. Hydrated lime is lump lime to which 
some water has been added. We have found it to contain from 

II per cent to 14 per cent water. Although (^fferent brands of 
hydrated may vary in water content the same brand probably 
does not vary much and has uniform strength. 

Although the best limes do not contain 100 per cent calcium 
oxide, they usually contain enough magnesium oxide to make 
up for this and their neutralizing power is close to 100 per cent. 
If the lime has say 90 per cent neutralizing power as shown by 
a practical trial in cream, the mixture can be made 10 per cent 
stronger to fit the table. The greatest obstacle to the use of a 
table is the drop in acidity caused by pasteurization. This 
varies with cream, lime, and locality. A user may offset this 
in the makeup of his limewater. This is alvpays easier to do 
than to construct a new table. By changing the strength of 
the limewater this same table can be used to reduce to other 
acidities, e.g., 0.25 per cent or 0.35 per cent. 

When sour cream containing 0.7 per cent of lactic acid is 
neutralized to 0.4 per cent one is surprised to find that after 
pasteurization the acidity is only 0.3 per cent or perhaps as low 
as 0.2 per cent. The sourer and more gassy the cream the more 
granular the lime, or the more carbonic acid in the sodium 
carbonate used the greater the drop in acidity produced by 
pasteurization. It is impossible to foretell in North Dakota 
what the drop will be in Oklahoma and vice-versa. The extent 
of the decrease can be ascertained only in the creamery in question. 

The loss in aciditir brought about by the heating is caused by 
expulsion of volatile acids, by a more intimate union of lime- 
water and lactic acid, and by expulsion of carbonic acid. Car- 
bonic acid cripples the sensitiveness of the indicator (phenol- 
phthalien). Hence a determination of acidity in raw sour cream 
is only approximate and reads too high. 

Some find a neutralizing table convenient in determining the 
amount of limewater to be added to cream. The following table 
is suggested for that purpose. 



ACIDITY AND QUALITY 


111 


To reduce acidity to 0,S per cent 


INITIAL ACIDITY OF CREAM 


0.35 

0.40 

0.45 

0 50 

0 55 1 

0 6 

0.65 

0.7 

0.8 1 0.9 

1 0 


Pounds of 15 per cent lime water needed 


jtounds 

50 

0.05 

0 1 

0 15! 

0 20 

0.26 

1 0 31 

0 37 

0.41 

0.50 

0 02 

0.72 

100 

0.10 

0 2 

0 31 1 

0 4l' 

0 52 

0 62 

0,73 

0 83 

1 03 

1.24 

1.45 

500 

0 51 

1 03 

1 55| 

i 2.07 

2 59 

3.11 

3 62 

4 14 

5.18 

6.22 

7.25 

1,000 

1.03 

2 07 

3 111 

4 14 

5 18 

6 22 

7.25 

8.29 

10.37 

12.44 

14,51 

1,500 

1 54 

3.10 

4 66 

6 21 

7 77 

9 33 

10.88 

12.43 

15 55 

18.66 

21.77 

2,000 

2.07 1 

4 14 

6 22 

8 3 

10 37 

12 45 

14 51 

16 58 

; 20 74 

24.89 

29.04 

2,500 

2.57 1 

5 17 

7 77 

10 35 

12 95 

15 55 

18 14 

20 72 

! 25.92 

31.10 

36 29 

3,000 

3.11 

6 21 

9 33 

12 42 

15 54 

18 66 

21 77 

24 89l 

1 31.11 

37.33 

43.56 

3,500 

3.61 

7.24 

10.88 

14.51 

18.14 

21 78 

25 39 

29 01 

36 29 

43 55 

50 81 

4,000 

4 15 

8 29j 

12, 4 1] 

16 59 

20 74 

24 89 

29 03 

33 19 

41 48 

49 78 

58.07 

4,500 

4 64 

9 31| 

s 

18 65 

23 32 

28 00 

32 65 

37 30 

46 66 

55.99 

65 33 

5,000 ! 

5.18 

10 37 

15.55 

20.74 

25 92 

31 11 

36.29 

41 48 

51 85 

52 22 

72 59 

6,000 

6.22 

12 441 

18.66 

24.89 

31 11 

37 33 

43 55 

49 78 

I 62 22 

74 67 

87.11 

7,000 

7.25 

14.5ll 

21 77 

29 03| 36 29 

43 55 

50 81 

58 08 

1 72 59 

1 

87.11 

101.63 


Because of this drop in acidity, a neutralizing table may not 
always be practical. One trying this table better do so with 
the consideration that it may not be dependable in his case 
until verified by actual trial; this notwithstanding that the table 
is chemically and mathematically correct as far as it goes. 

Another faii-ly accurate procedure is as follows: The quantity 
of cream and strength of limewater are not known. The acidity 
is t^ted and found to be say 0.65 per cent. A measure of lime- 
water is added and reduces the acidity 0.04 per cent or down to 
0.61 per cent. Then the total excess acidity is 0.61 per cent — 
0.3 per cent =* 0.31 per cent. The quantity of lime required to 
reduce from 0.61 per cent to 0.3 per cent will be 0.31 0.04 X 
measure = 7f measures. Of course measures also means 
pounds. 

Butter from unneutralized sour cream homogenized with 
sweet milk j^lds sweet cream. The lactic acid is in the butter- 
milk. Inde^ the majority of bad flavors are in the buttermilk 
and not in the butterfat. It is very important to wash the butter 
quite freely from butter ilk. The more thoroughly this , is 
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done the less off flavor the butter will have. The butter is 
churned quite cold into granules the size of wheat up to small 
peas. If larger, or if soft, the buttermilk is sealed in the 
granules. When the buttermilk is draining a stream the size 
of the thumb the granules and chum are well rinsed with the 
hose or a shower bath sprinkler. This crowds out the butter- 
milk. Then the bimghole is closed and the butter washed in the 
usual way. 

Lactic acid has a much stronger afiinity for lime than any other 
cream constituent. Under these circumstances lime does not 
act on the butterfat nor any other constituent. It is all taken 
up by the lactic acid and 0.3 per cent of the lactic acid remains 
unsatisfied. In the draining of the buttermilk and the w'ashing 
of the butter the great majority of the lime is eliminated. This 
is a good reason why butter from neutralized cream often con- 
tains less lime than country butter. The cause of this is that 
buttermilk has not been well eliminated out of the country but- 
ter. Lime is a natural constituent of milk and cream being 
combined with casein. Butter from neutralized cream usually 
contains from .04 per cent to .07 per cent lime. Unneutralized 
creamery butter has about the same percentage. In country 
butter the lime content is sometimes just as low, but in high 
casein butter the percentage of lime is sometimes 0.11 per cent. 

A portion of neutralized butter contains 0.05 per cent or 
0.007 grams of lime; a teaspoonful of limewater contains 0.019 
grams of lime; a quart of water from a limestone country 0.100 
grams; a quart of milk 1.36 grams. A baby often gets a tea- 
spoonful of limewater in a feed of milk. Our mothers gave it 
and physicians recommend it. An adult would have to eat 
1.46 pounds of neutralized butter to ingest as much lime as the 
bably consumes in one feed of milk. 

Lime is an essential constituent of foods. Lack of it causes 
“lime starvation” and physiological disorders. Two investi- 
gators not only recommend but insistently urge the addition of 
lime to the daily diet. (Calcium Salts as Body Builders, page 
372 Review of Reviews, Sept., 1912.) 
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On page 78 of his “Food Products,” Dr. Sherman of Columbia 
University thus states the need of lime: 

Calcium is present in still greater relative abundance. Milk con- 
tains slightly more calcium, volume for volume than does limewater. 
As a rule the calcium content of the diet depends mainly upon the 
amount of milk consumed. In family dietaries where ordinary quanti- 
ties of milk are used, the milk is apt to furnish about two-thirds of 
the total calcium of the diet. Without milk it is unlikely that the 
diet will be as rich in calcium, as is desirable whether for the child 
or for the adult. 

Hence, neutralizing cream is not injurious to health. 

Neutralization does not abstract any constituent of cream 
or butter; it does not cheapen its composition or manufacture; 
it does not lessen its food value. On the contrary, it improves 
the flavor and keeping quality. 

I do not aim to give the impression that all cream offered 
to centralizers is faultless. 1 frankly say that a small fraction is 
contaminated with foreign materials or stale. Such cream is con- 
demned by the buttermakers or by the local food authorities. I 
strive to make clear the fact that these defects occurred upon the 
farm and that such cream is offered to creameries operating under 
every system. I maintain that it is not fair to pillory the w'hole 
industry because of the poor condition of one can of cream out 
of thousands of cans of good cream. Farmers offer or ship 
their cream to the creameries and the creameries do not know 
the quality of this cream until it is inspected at the creamery. 
Creameries welcome honest constructive efforts to improve 
butter. 

Neutralization of cream reduces its acidity, makes possible 
pasteurization without scorched flavors and excessive losses of 
fat in the buttermilk, and thus improves the keeping quality 
of such butter. Neutralization is not a cure-all for stale cream, 
rancid cream, feed flavors nor any other defects that afflict 
cream and butter. Neutralization does not enable a creamery 
to make good butter out of poor cream. Poor cream always 
makes poor butter. 



THE MILK SITUATION IN ONTARIO 

J. A. RUDDICK 

Dairy Commissioner, Ottawa, Ontario 

The milk situation in Ontario as in the whole of Canada, or 
in any other country witii an exportable surplus of dairy produce, 
is bound up with the international or world’s situation. Local 
conditions may affect the situation temporarily but \»ith 
improved storage and transportation facilities, and the extension 
of commercial organization the upward or downward curves of 
prices or stocks in any one country are sooner or later flattened 
out to the general level of the world’s markets and requirements. 
This rule applies more strictly to butter and cheese and other 
manufactured products than it does to milk itself for the reason 
that milk does not, strictly speaking, enter into international 
commerce. Fundamentally, however, the price obtainable for 
milk is based on the export value of the manufactured product. 
It follows if the price of cheese or butter is high that the milk 
distributors must pay a correspondingly high price to secure 
supplies and on the other hand the price of milk falls in sympathy 
with a drop in the export value of the stirplus of the manu- 
factured products. 

This point would seem to be too obvious to need elaboration, 
and yet there are a large munber of otherwise well informed 
people in this coimtry who cannot understand why dairy products 
should not be cheap just because milk is plentiful and feed 
abundant in their particular locality. They are inclined to make 
sarcastic remarks about the law of supply and demand and the 
ugly word “profiteer” is too frequently used in this connection. 

What these people fail to see is that the law of supply and 
demand as applied to dairy products operates on a world wide 
basis and is not very materiafly affected by conditions in Canada 
or in any other country. If there is an imusually large production 
in Canada or New Zealand or any other part of the world, the 
increase is such a small percentage of the total world’s supply 
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as to be more or less negligible. Furthermore, it usually happens 
that if production increases in one part of the world it drops 
somewhere else. The total carry over from one season to another 
is flexible enough to act as a further regulator. 

This world wide basis for the dairy produce trade tends also 
to preserve an even balance between the different products and 
prevents overproduction of any single article. A knowledge of 
world conditions is useful in this connection. That is why the 
writer has made considerable study of this sort of thing for some 
years past and has endeavored to disseminate reliable informa- 
tion on the subject. 

The stability given to prices by the conditions above outlined 
are of great value to producers of milk. It prevents the wide 
price fluctuations which other food products are subject to, the 
prices of which are determined by supply and demand over 
limited areas or for which there is no export demand. 

Take potatoes for instance. The price was high in 1919 
because the short crop was not equal to the local demand and 
not being an article of international commerce, because of their 
great bulk in proportion to value and relatively high transporta- 
tion charges, importation could not be relied upon to make up 
the deficiency. In 1920 with an excess of supply, which could 
not be relieved by exportation, prices fell to an unprofitable 
level. 

Or again, take the fruit trade as an illustration. The price 
of apples in this country depends largely on the demand in the 
United Kingdom, while the price of small or tender fruits is 
regulated by local supply and demand. Apples were in good 
demand for export and brought high prices in 1920, while on the 
other hand the small fruits of which there was a bigger crop 
tKan usual were for some varieties almost a drug on the market. 
These axe important considerations and deserve the attention 
of both produea^ and consumers. 

Now, of course, tihe war completely destroyed for the time 
being the extensive and complicated agencies which are necessary 
to keep the trade in dairy products running evenly and effi- 
ciently. It disorganized transportation, and diminished the 
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stream of supply from some quarters and completely dried up 
others. Difficulties of finance, and government purchase and 
control interfered with private trading. Prices were held up 
in some cases and kept down in others. An abnormal demand 
led to overproduction of some products in the end. The whole 
situation became demoralized, at times exasperating and always 
very difficult. More recently the varying rate of exchange has 
created many anomalies. 

There is now a loss on the export of Canadian produce, while 
there is none on shipments from Australia and New Zealand. 
Denmark has been selling butter to the United States where it 
is not needed, but simply because the exchange rate was so 
favorable that it could be landed in New York at less cost 
than butter could be bought on that market, and at the same 
time bring a better return to the Danish exporter than he could 
obtain in England where the selling price is much higher than 
it is in the States. This state of affairs will continue until there 
is complete decontrol in the United Kingdom and exchange rates 
get back to something like parity all round. 

As for the matter of control it is well for the sake of clearness 
to state just what it is at present. 

All cheese now being imported into the United Kingdom is 
free. There is a comparatively small stock of so-called “govern- 
ment” cheese still on hand which comprises the remainder of 
last year’s purchase of Canadian and some New Zealand cheese 
secured under the contract which expired in August last. This 
cheese is retailed at 40 cents per pound. 

Imported butter is still under control and is rationed at 2 
ounces per head per week. So far as I know the only butter 
contracts now running are those with New Zealand and Australia 
and these expire on March 31 next. The Chancellor of the 
Exchequer recently announced, in the House of Commons, that 
the Ministry of Food would be disbanded at the end of March 
and it is thought that will be the last of food control in the Old 
Country, for the present at any rate. 

Of course, they have the right to manage their own affairs 
but the continued control has been the cause of a great deal of 
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irritation and dissatisfaction which is not lessened any by the 
fact that their home production has been free for some time and 
brings a higher price than that which is imported. 

As to when the rate of exchange may come back to a parity I 
am, of course, not able to offer an opinion. 

Imports of cheese into the United Kingdom during the past 
year have exceeded the prewar figures. The principal sources 
of supply for this article were not interfered with during the 
war and production was stimulated in some quarters by the 
high prices. Then again, the large accumulation in New Zea- 
land was brought forward so that receipts from that source have 
been abnormal. The increased receipts have been met it is said 
by a very large increase in consumption of cheese in England 
owing to the high price of meat and increased purchasing power 
of certain classes of the people. 

On the other hand supplies of butter are still far below normal 
as is indicated by the ration of 2 ounces per week. It so hap- 
pened that the chief sources of butter supply were either entirely 
cut off or very seriously diminished. Eussia which was second 
only to Denmark as a butter exporting country before the war 
has not supplied any worth mentioning since 1915. Production 
in Denmark is recovering, but a considerable proportion of it 
has been sold to Germany and other continental countries to 
say nothing of the shipments to the United States. 

Denmark has of late been increasing her shipments to England 
at lower prices than those obtainable on the Continent, because 
the prudent Dane knows that the only permanent market of the 
future will be that of the United Kingdom and he does not care 
to run the risk of losing it through a little temporary advantage. 

Now, when we come to consider market prices in the United 
Kingdom we are faced with another anomaly. With the drop 
in prices which we have had in this country and the United 
States there would seem to be ample justification for the view 
that the market is lower than it has been, but as a matter of fact 
prices are higher now in the Old Country than they were at any 
time during the war or since. I realize that there is cold comfort 
in this fact for the dealer who can’t get more than 48 cents for 
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his export butter or for the producer who is offered 10 cents less 
for his output than he got at one time during the summer. It 
is, however, a fact of some importance, that while prices for 
other food products have fallen those for dairy produce are still 
at the maximum in the market which is practically our sole 
dependence for our exportable surplus and the state of which 
normally determines prices in this country. 

The explanation which is offered is not wholly satisfactory to 
me but I give it to you for what it is worth. 

To go back a httle you will probably remember that the 
British Ministry of Food had a two year contract with New 
Zealand and Australian producers, which expired in August 
last, to take their butter at about 38 cents and cheese at 21J 
cents F.O.B. shipping point. A new contract was made for 
butter only, which expires on the 31st March, at 60 cents F.O.B. 
(280 shillings per 112 pounds). We are told that "this butter 
costs laid down in England 297 shillings per cwt. (112 pounds). 
There is no loss on exchange. The poimd sterling is worth as 
much in New Zealand or Australia as it is in England, and it is 
the currency of these countriess. New Zealand cheese is free 
like Canadian. 

Last September and October at the openi 
some cheese sales were made for season’s outpu^.. i. t 
cents F.O.B. steamer but a large quantity is being consignea 
for sale in England, and past experience proves that whenever 
there is a large quantity coming forward in this way that it has 
a depressing effect on the market. 

When these New Zealand contracts were completed it was 
announced that the agent of the Ministry of Food in Montreal 
would buy Canadian butter at a price that would permit of it 
being laid down in En^^nd at the same net cost as the New 
Zealand. It was even announced that an extra 3 shilling a a 
cwt. would be paid for Canadian butter. Control butter is 
retailing in England at 80 cents per poimd (three shilling a and 
four pence) and British made butter which is free was quoted 
wholesale in the Grocer of December 10 at 400 shillings per cwt. 
(over 85 cents). 
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Now, of course, in figuring the cost of Canadian butter laid 
down in England there must be added to the price paid in Canada 
the freight and handling charges and, unfortunately, also the loss 
on exchange which is the big item at present. Even so, I con- 
fess that I am unable to understand why the margin between the 
retail price in England and the Ministry’s price in Canada should 
be so wide, and on the face of it there would seem some justifica- 
tion for the claim that if butter was fully decontrolled a higher 
price could be obtained for Canadian as in the case of the home 
production. There are some, how(>ver, who take the view that 
decontrol might bring out such ([uantities of United States butter 
as to have the opposite effect. There is undoubtedly a large 
surplus in that country, which has been increased by the influx 
of 1 5,381, t)54 pounds of IMnish. 

Those who hold this ojiinion point to the effect of decontrol 
on the Canadian cheese market. It is a fact that the price of 
cheese is lower now than it has been for several years, yet the 
retail price in England was never as high as it is at the present 
moment. There is this difference, however, between cheese 
and butter, as has already been mentioned, that supplies of 
cheese are fully up to normal while butter is still far short of 
the re(iuiremcnts. It is certain, however, that the removal of 
control would receive universal approval, and though there is 
bound to be a period of readjustment, the market will never 
reach a state of eciuilibrium while this artificial condition exists. 

Now, I haven’t said much so far about the milk situation in 
Ontario. It is not necessary to say much, because the matters 
which I have been dealing with are the factors that control the 
general situation. MTiatever the situation may be here it is 
only a symptom of a world wide condition. 

I would, however, like to make a few remarks concerning the 
position in which a large number of producers found themselves 
when the condensed milk and milk powder business backed up 
on them last fall. No matter what the producers may have 
felt at the time, or may still feel, about it, the fact remains that 
in the case of condensed milk, at least, it was the inevitable 
result of l.he war production which was greatly in excess of peace 
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time requirements. The crisis, if we may call it such, was 
probably precipitated by the financial situation, including 
exchange, and the drop in the price of sugar. But there is no 
use of crying over spilled milk. The thing to do is to take a 
lesson from the experience. 

Producers should not in these days be placed in a position of 
dependence on any single outlet for the disposal of their milk. 
The ideal arrangement, wherever it is possible, would be to 
have a receiving depot, preferably under the control of the 
producers, equipped to manufacture cheese and butter, and in 
large establishments possibly condensed milk or milk powder, 
and for the sale of milk or cream. The idea has been tried out 
at the Finch Dairy Station, operated by the Dominion Dairy 
Branch, with vdiat success I will leave it with you to judge. 

The Station was started in 1912. It is located at the cross- 
ing of the Ottawa branch of the New York Central Railway and 
the Montreal-Toronto line of the Canadian Pacific Railroad. 
The train service is such that the morning’s milk or cream can 
be delivered by noon in either Montreal or Ottawa. The Station 
is equipped for the manufacture of butter or cheese and for the 
shipping of milk or cream, pasteurized or not as may be required, 
but in either case well cooled. 

Cheese factories surround the Station on all sides and there 
is a condensory at Chesterville 10 miles away. 

That the patrons have been satisfied with the retxuns is 
indicated by the fact that the quantity of milk received annually 
has increased from 2,069,281 pounds in 1912, to 5,670,545 pounds 
in 1920. I have been informed that not a single individual milk 
or cream shipment leaves the Finch railway station, although it 
is well within the area from which supplies are drawn for Mon- 
treal and Ottawa. 

The following table gives' the record for the nine years of 
operation. 

It will be noticed that there has been an increase in the num- 
ber of patrons especially during the last two years, but these are 
mostly winter patrons who come in for a few weeks after sur- 
roimding factories close. We have not encouraged patrons to 
leave competing factories during the summer months. 
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TABLE 1 


TEAS 

NUMBER 

OF PATRONS 1 

1 

MILK RECEIVED 

NET RETURN TO 
PATRONS PER 

100 POUNDS 

TOTAL AMOUNT DIS- 
TRIBUTED TO PATRONS 

1912 

60 

poutids 

2,069,281 

$1.11 

$23,304.49 

1913 

60 

2,720,028 

1 04 

28,214.73 

1914 

64 

2.356,202 

1.19 

28,108.74 

1915 

65 

2,418,010 

1 35 

32,640.85 

1916 

54 

2,486,380 

1.60 

39,779.88 

1917 

65 

2,807,885 

2 00 

56,173.46 

1918 

: 75 

3,859,217 

2.14 

82,785.69 

1919 

100 

5,480.816 

2.49 

136,540.56 

1920 

112 

5,570,545 

2 49 

138,792.89 



29,768,364 


$566,341.29 


The record for 1920 showing the disposal of the milk and rate 
per 100 paid to patrons month by month may be of interest and 
help to bring out my point. Here it is. 


TABLE 2 

Disposal of milk and returns to patrons by monihsy Finch Dairy Station, 1920 


MONTH 

CHEESE 

BUTTER 

MILK SOLD 

FAT SOLD 
AS CREAM 

RETURN TO 
PATRONS 
PER 100 
POUNDS 


pounrfs 

pounds 

pounds 

pounds 


January 



153,216 


$3.50 

February 



107,238 

1,272 

3.22 

March 



94,911 1 

7,316 

2.70 

April 

j 

3,441 


13,751 

2.37 

May 

12,322 

483 


20,399 

2.49 

June 

2,395 



30,933 

2.38 

July 

33,950 

768 


13,822 

2.24 

August 

15,703 

4,736 

32,240 

9,540 

2.28 

September 

6,591 

9,258 


9,367 

2.45 

October 

3,846 

1,765 

20,000 

11,985 

2.63 

November 



31,120 

10,040 

2.72 

December 




8,778 

2.70 

Totals 

73,807 

20,451 

438,725 

137,203 



Average for year $2,492 

Total milk received (oounds) 5,570,645 
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In case you may think that the patrons of the Finch Station 
have some special advantages in low manufacturing charges or 
other bonus let me say that they have none whatever. They 
get a good service for which they pay full rates. It is a strictly 
commercial proposition, and any advantage there is in it comes 
through good business management and being in a position 
always to sell the product for which there is the best market 
at the time. 

The charges for manufacturing are 2| cents per pound for 
cheese and 5 cents for butter; for handling milk 12 cents per 
hundred pounds is charged and for cream 4 cents per poimd of 
fat. 

In operating the Station the management makes no lengthy 
contracts. Prices are determined w’eek by week. The quan- 
tity of milk or cream shipped is varied or shipments stopped 
entirely at a day’s notice. Milk distributors can afford to pay, 
and do pay, a premium for milk under an arrangement of this 
kind because they avoid surpluses, on which there is always a loss. 

I do not offer this plan as a solution for all the producers’ diffi- 
culties, or as one sxiitablc for general adoption. I am aware that 
there are many locahties to which it would not be adaptable. 
I see no reason, however, why it could not be followed in many 
places where there are good shipping facilities or where milk 
could be sold to condensories or powder factories. The con- 
denser at Chesterville has been a good customer of the Finch 
Station. It is along similar lines that the Fraser Valley (B. C.) 
Milk Producers are working, and I believe that organization is 
the most successful of all similar organizations in Canada. 

If a number of establishments like the Finch Station were in 
operation in Western Ontario they would undoubtedly have a 
steadying influence on the milk situation as a whole. I have 
not consulted the milk condensing or milk powder people in the 
matter, but i .see no reason why it would not suit them to secure 
supplies of milk through such a source, if not regularly at least in 
times of extra demand. In case a market should be found for 
all the milk as such the organization would be continued and 
ready to deal with the milk in some other fashion in case of 
need. 
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It is admitted that the most serious aspect of the milk situa- 
tion which developed when the demand for condensed products 
fell off last fall, was the closing of the old cheese factories, with 
their equipment scrapped, even the buildings gone in some 
instances, the staffs of experienced makers dispersed, and the 
organization completely broken up. 

If I were planning such an establishment, I would make the 
manufacture of cheese or butter the sheet anchor of the business, 
and then sell as much milk or cream as I could find a market for 
at higher prices. 

We need never be afraid of serious over-production of either 
cheese or butter. The market for all we are likely to make is 
waiting for us, and in the case of cheese at any rate we can com- 
mand the very top price in the world’s markets. 

The newer knowledge of nutrition which is being disseminated 
throughout the world today is a great boost for milk and its 
products. Even already the signs arc not lacking that milk, 
butter and cheese arc being placed higher in the scale of dietary 
values than they have been in the past. 

We may not always get as much for it as we think we are 
entitled to but it does appear as though dairy produce would 
bring as high, if not a higher relative price, than most other farm 
products. Look at the situation today with the price of many 
products dropping but with cheese and butter still at the peak 
in the market where prices are determined. 



SOILING VERSUS SILAGE FOR DAIRY COWS UNDER 
NEBRASKA CONDITIONS^ 

J. H. FRANDSEN, J. W. HENDRICKSON, G. C. WHITE,* A. C. NORTH* 
AND E. G. WOODWARD* 

Nebraska pastures do not generally furnish enough feed for 
dairy cows during the dry, hot summer months. In view of this 
fact it is generally recognized by dairymen, especially those on 
high-priced land, that the pastures must be supplemented either 
by the use of summer silage or by a system of soiling. 

The use of either the silage or the soiling system results in an 
increase in the nmnber of cows that may be kept on a certain 
piece of land. Both systems are conducive to the greater pro- 
duction of milk and butter fat. 

The soiling system easily adjusts itself to conditions where 
labor is cheap and plentiful and where land is high. In European 
countries where these conditions prevail soiling has been practiced 
more widely than in America. • However, with the increase in 
population and the limited area for expansion America may be 
approaching a condition of intensified agriculture that requires 
the greater use of soiling crops as a supplement if not as an 
exclusive summer feed for dairy cows. 

Soiling is the growing and supplying of fresh forage to animals 
kept in confinement. It does not mean, however, that grain is 
not fed in connection with the forage. This system is generally 
practiced where intensive farming is carried on and where market 
milk is in demand. It enables the stockman to concentrate 
his capital and labor while maintaining a number of animals on 
a comparatively small acreage of land. 

If soiling is to be successful, there should be sufiicient ramfail, 
especially through the growing season. If partial soiling is 

^ Published by permission of the Director of the Nebraska Experiment Station. 

* Now Professor of Dairying at Storrs, Conn. 

* Now engaged in farming in western Nebraska. 

* Now Professor of Dairying at Washington State College. 
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practiced — that is, part of the year when the cows would ordi- 
narily be on pasture — eastern Nebraska conditions are well 
adapted, for sufficient rainfall is obtained nearly every summer. 
Figures obtained from the United States Weather Bureau at 
Lincoln substantiate this fact. They are as follows: Average 
rainfall for the last forty years for eastern Nebraska — 29 inches; 
1914 — 26.53 inches; 1915 — 29 inches. The year 1914 and 1915 
are mentioned because the data given later in this discussion 
were compiled during these years. 

Besides sufficient rainfall, a productive, well drained soil is 
essential because the growing of several crops on one piece of 
land is a severe drain on the available plant food capable of 
being liberated during a growing season. In this respect also 
eastern Nebraska is well favored, there being a deep layer of 
Loess soil over the major portion. With these two conditions, 
sufficient rainfall and a rich, well drained Loess soil, soiling can 
be practiced in every county in eastern Nebraska. 

In connection with soil and climate, good markets are essential 
for the disposal of dairy products, especially when soiling is 
practiced, for this system is intensive and requires the expenditure 
of considerable money. Therefore, a ready market is necessary. 
This fact, that ready and near by markets are essential often 
necessitates the use of high priced land. Since there is a heavy 
expense to the soiling system, cheap land is not well adapted 
because on this kind of land grazing is more economical and does 
not call for the expense of sowing and harvesting fresh forage; 
besides, a larger area must be made use of, thus we see that the 
soiling system is a means of saving land, since a large amount of 
forage can be raised on a piece of land that would be entirely 
too small were it used for grazing. 

In this experiment five plots 40 feet by 321 feet or an acreage 
of 1.47 acres furnished enough forage for four cows except some 
field com and in 1915 one feeding period of thirteen days when 
alfalfa was used. If pasture had been used the four cows would 
have required 8 acres. 

Not only is there a saving of land, but also the saving of 
fencing, for under the soiling system no fences are required. 
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This is a large saving to the stockman as the initial cost of 
fencing is considerable and the time spent in almost continual 
repairing amounts to quite an item during the year. 

Quite as important as any of the above items is the value of 
the manure. Land that is cropped as extensively as when soiling 
is practiced needs a great deal of humus and plant food. By 
saving and applying the manure, the fertility of the soil is assured 
and a continuation of the intensive methods necessitated by 
this form of farming is possible. The dairy cow is fed con- 
centrates, and the manure made in this manner is much more 
valuable, besides it can be put on the land which needs it most 
and can be applied when most needed. If litter is added, the 
humus content of the soil is maintained and in this way its 
physical condition is such that a luxuriant growth is possible. 

In specialized dairy farming the work of growing and harvestr- 
ing a soiling crop correlates well with the work of the dairy. 
During the middle of the day when the cows need but little or 
no attention, the labor can be employed in cutting and hauling 
the forage to the cows. In this way the men can be steadily 
employed and the most efficient labor or the greatest returns 
from labor is made possible. The men employed exclusively in 
dairy work will usually appreciate this opportunity of getting 
into the fields for a short period each day. 

The soiling system is of special importance in furnishing a 
succulent and palatable ration during the time when pastures 
are short, usually during July and August in many sections. 
Otherwise, the milk flow would decrease and a decided falling 
off in revenue would be the result, besides the cows would not 
return to their normal flow when pastures again become good. 

The main objection offered to the soiling system is the labor 
problem. Regularity in cutting the forage must be adhered to 
whether the weather is good or bad. Since approximately 100 
poimds must be supplied to each cow per day, the labor of hand- 
ling this amount is considerable. 

In addition to the harvesting, a succession of crops is absolutely 
necessary or the plan will fail if soiling is to be depended on alone. 
Again, during the latter part of July and the first of August it 



SOILING VEKSTJ8 SILAGE 


127 


may be too dry for the crops to grow or for the seed to even 
germinate. This would be a serious handicap and must be pro- 
vided for in this case with forage such as alfalfa, clover, or field 
com. 

Table 1 shows a plan for soiling crops sufficient for a herd of 
ten cows. The rotation may be worked out from these dates. 


T\RLE 1 

Plan for ten cows 


PROP 

I> \TE 
HOWN 

DATE 

KA-TtVEHTED 

vitmber 

OF ACRES 

YIEED 
PER ACRE 

BEED PER ACHE 

Hye or wheat 

9/15 

5/1-5/20 

1 

toilb 

5-6 1 

8 pecks 

Alfalfa 

9/1 

5/20-8/10 

i 

3-6 

18 pounds 

Canada peas and oats 

4/1 

5/20-8/10 

i 

9 

6 pecks each 

Canada peas and oats 

4/10 

0/20-6/30 


9 

6 pecks each 

Canada peas and oats 

4/20 

6/30-7/10 

i 

9 

6 pecks each 

Alfalfa (second) 

9/1 

7/1-7/20 

i 

1-3 

18 pounds 

Early corn 

5/5 

7/10-7/30 

i 

10 

i bushel 

Early corn 

5/15 

7/20-8/10 

i 

10 

i bushel 

Black cowpeas 

5/15 

8/10-8/20 

i 

9 

4 pecks 

Alfalfa (third) 

9/1 

8/20-9/1 

i 

2-4 

18 pounds 

Late corn 

5/25 

9/1-9/20 

i 


i bushel 

Barley and peas ... 

8/1 

9/20-10/5 


1 10 

IJ bushels each 

Barley and peas 

8/10 

10/5-10/20 

h 

10 

lit bushels each 


TABLE 2 

Condensed form of the yield in tons of green feed as well as the dry matter contained 

per acre 

j 

TICLD PBB ACRS IK TOKS 



Green 

Dry 

Rye 

6 5 

0.9 

Wheat 

6 5 

0.86 

Peas and oats 

3.5 

0.9 

Rape 

6.3 

1.0 

Com 

7. 0-8.0 

1.6-1. 7 

Cane 

10.3 

2.9 

Alfalfa 

First crop 

5.0 

1.5 

Second crop 

3.0 

0.9 

Third crop 

4.0 

1.2 

Pasture 

2.5 

0.6 

Silaae 

8.0 

2,4 


iOVe^Ah or DAXRT BCXBKCa,, TOL. XV, NO. 
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Alfalfa should stand for five or six years. Vining cowpea should 
be sown with late corn. Corn or alfalfa may very well be sub- 
stituted for some of the other less common crops. 

A very satisfactory rotation for soiling crops may be worked 
out for Nebraska conditions using com and alfalfa as the principal 
crops, alternating them as much as possible and using just 
enough of other crops to make connecting links between the 
cuttings or periods of these two. 

OBJECTS 

1. To determine for Nebraska conditions the most desirable 
rotation of soiling crops with respect to yield, date of planting, 
and date of harvesting, together with an estimate of the cost of 
growing and harvesting. 

2. To determine the value of soiling crops as compared with 
summer silage in the ration for milk production. 

3. To ascertain the comparative economy of butter fat pro- 
duced by the cows fed on soiling crops and those fed on silage 
and alfalfa hay. 


THE PLAN IN GENERAL 

1 . Cropping. Five plots of land, 40 by 321 feet in size, were 
set aside for use in growing soiling crops. In the fall all plots 
were heavily manured and plowed to a depth of 6 inches, the 
soil being a rich black loam. This provided for a succession of 
soiling crops so that abimdant green feed might be raised through- 
out the summer for at least four cows. 

In handling these plots exact records were kept regarding 
preparation of the ground previous to planting, kind and amount 
of seed sown, method of seeding, rate of seeding, cultivation, 
date of harvesting, yield per acre, time required to prepare ground 
for seeding, time required to seed, cultivate and harvest. 

S. Crop analyses. These crops were all used for soiling. At 
the time harvesting was begun on any crop a sample was taken 
for moisture determination in relation to air dry basis. At the 
time of completing this harvesting, another sample was 
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for moisture determination to dry air basis. These two samples 
were then composited on the basis of their fresh weights and a 
complete analysis made. 

S. Feeding. Eight cows were selected for feeding in order to 
compare soiling crops with silage for milk production. 

All of these cows were kept in dry lots. Four of them were 
fed soiling crops ad libitum from a rack to which they had access 
day and night except during milking hours. The soiling crop 
feed was not kept separate for each cow. A supply of the crop 
was cut fresh each morning at nine o’clock. Refuse was weighed 
back at frequent intervals so that an exact record of the amount 
eaten was kept. 

These four cows were fed grain (made up of a 4:2:1 mixture 
of corn, bran, and oil meal (O. P.) in amounts deemed sufficient 
to keep them in normal production condition, an exact record 
being kept for each cow. Those four cows received no hay. 

The other four cows were fed the same grain mixture, together 
with alfalfa hay and corn silage. The ratio of 1 pound of grain 
to 1 pound of hay and 4 pounds of silage was maintained for 
these cows. This makes a ration very nearly balanced for a 
cow giving any quantity of milk, provided the total amount 
fed is regulated intelligently. Exact feed records were kept 
for each of these four cows. 

During the three days in the middle of each crop period a 
composite sample of the milk was tested for butter fat and the 
weight of the cows taken. Weighing was done in the morning 
after feeding but before watering, the cows having been without 
water all night. This weighing and sampling applied to all 
eight cows. 

4. Basis of comparison. All costs in money values have been 
eliminated from this study and comparisons made on the basis 
of total nutrients of the feed or its protein and energy content 
and on the basis of hours of labor in production. The require- 
ments for butter fat for the soiling group was made upon the 
total nutrients required and upon labor required for growing 
the soiling crops including plowing, harrowing, and all culti- 
vation, together with the harvesting — the grain being figured 
at total nutrient content. 



130 


FRANDSEN, HENDRICKSON, WHITE, ET AL. 


The requirements for butter fat for the silage group was made 
on total nutrient content of all feeds and labor required for 
growing silage and putting it in silo. 

5. Determination of butter fat. The amount of butter fat for 
each feeding period was obtained in the following manner for 
each group separately. 

The amount of milk given by each cow during the time the 
composite sample was taken was multiplied by the per cent fat 
in the composite sample. The amount of the butter fat thus 
obtained from all four cows divided by the total amoimt of 
milk produced during this period gave the average per cent of 
butter far for the particular feeding period. The amount of 
milk given each day was multiplied by the average per cent of 
fat for the period and this constituted the butter fat for each 
day, the total of which made up the amount of butter fat for 
the period. 

LABOR REQUIREMENTS FOR CROP PRODUCTION* 

These values are given in the equivalent of man labor in 
order that the results may be computed more directly. 

Hourt man labor 


Growing corn for silage 48.30 

Filling the silo 18 82 

Total 67.12 


The average 3deld of silage per acre being eight tons, gives a 
labor requirement on the standard per ton of 8.39 hours labor, 
alfalfa hay requires 15.61 hours labor per ton. 

Tables 3 and 4 provide a summary of the feeding and pro- 
duction for the first summer 1913. 

® Data obtained from Professor Fille'y of the Rural Economics Departmenti 
University of Nebraska. 
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TABI E 3 

Soi li ng grou p for four cows 


PEBIOD 

1 

i 

1 GRAIN I'El) 

1 

HA7 FliD 

SOILING 

1 CROPS FED 

1 

BUTTBR 

PAT 

PRODUCED 


puiUUlH 

ponndh 

pouyids 

pounds 

7-day—l. Peas and oats . 

312 0 

291 

1168 

32.4 

20-day““2. Rape . . ... 

845 0 i 

655 

2911 

95 8 

25-day— 3. Corn 

942 0 

236 

7428 

100.7 

30-day — i. Cane 

309 0 ' 

0 

3000 

37.1 

30-day— 5. Alfalfa 

1 1095 C 

0 i 

4800 

117 9 

Total 

383.9 


TABLE 4 


Silage group for four cows 


1 

PERIOD 

1 

CRAIN FED 

HAT FED 

SILAGE 

FED 

BUTTER 

PAT 

PRODUCED 


potinds 

pounds 

pounds 

pounds 

First — 

292 

288 

1178 

30.3 

Second 

812 

611 

3766 

94.3 

Third 

888 

239 

4875 

88 8 

Fourth 

258 

225 


33 5 

Total 

284.9 






TABLE 6 
1914 crop data 
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bushels each per acre May 3 July 9 July 17 7.6 



TABI.E 8 

Second crops in 1915 
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* So weedy was mowed and plowed under, 
t Third crop. 
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s 


''-I 


a 


s ; 

o i 






.-C ^ 

i*S 
1 J 


I 

•S <» 

I ^ 

o ^ 


i 

! WEIGHT OF ' LABOR 

1 COWS REQUIRED 

. 1 

hours 

10.96 
13.58 
i 14.05 
17.55 
38.25 
22.75 
12.00 

14.00 

13.00 
9.66 
8.00 

rH 

00 

R 

pounds 

853.4 

871.1 

877.1 
899 0 
868.0 
875 5 
870 2 
881.0 

891.0 

905.0 

900.0 



pounds 

58 34 

39 98 
42.57 

41 67 

93 00 
32 51 
43.12 

37 89 
40.19 

23 91 
16.11 



4 60 

MILK 

PRODUCED 

pounds 

1,167.5 
908.1 
946 1 

969.0 
2,094 0 

765 0 
1,000 4 
797 6 

761.1 
508 8 
335 7 

10,254.0 

0 
o M 

g a 
a ^ 

o S 
®8 

1 s i 4 2 s i g s §8 i 

1 w <u? o g w rjT CO w 

52,823 

GRAIN 

CONSUMED 

^ 000100»00»0»000 

4,698 0 
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TABLE 10 

Average daihf consumption of soiling per cow as well as her fat production for the 

summer 1914 


Rye 

Wheat 

Kherson oats and peas 

Swedish select oats and peas. . 

Sweet clover 

Corn 

Cane 

Millet 

Cane 

Kaffir corn 

Cow peas 


NUMBER 
OP DATS 

AVERAGE 
AMOUNT 
SOILING 
PER COW 
PER BAT 

AVERAGE 
AMOl NT 
MILK 

PER COW 
PER DAY 

AVERAGE 

AMOUNT 

FAT 

PER COW 
PER day 


pounds 

pounds 

pounds 

10 

50 8 

29 2 

1.46 

10 

74.1 

22.7 

0.997 

10 

ICl 4 

23 6 

1.06 

13 

117.7 

18 6 

0.8 

25 

137 4 

20 9 

0 93 

9 

99 6 

21.2 

0 9 

12 

101 2 

20.8 

0 9 

11 

70 0 

18.1 

0 86 

11 

105.0 

17 3 

0 91 

8 

120 0 

21 2 

0.9 

6 

137.0 

18.6 

0 9 
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September 1, one cow taken off the experiment and taken to state fair for educational exhibit. 
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Summary of 1914 trial 
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TABLE 13 

Average daily consumption of soiling per cow as well as her production of fat for 

the summer 1915 


PERIOD 

NUMBER 
OF DAYS 

AVERAGE 
AMOUNT 
fciOIUIVO 
PER COW 
PER DAT 

AVERAGE 

AMOUNT 

MILK 

PER COW 
PER DAY 

.AVERAGE 

AMOUNT 

F.AT 

PER COW 
PER DAY 

Rye 

12 

2 wundft 

93 

paundii 

26.6 

pounds 

1.03 

Wheat 

8 

81 

34.0 

0.94 

Alfalfa 

13 

109 

33.8 

1.2 

Sweet clover 

8 

129 

33 3 

1.3 

Kherson oats and peas 

8 

138 

32.1 

1.16 

Swedish select oats and peas 

' 11 

128 

29.1 

1.15 

Kherson oats and peas 

9 

127 

28.4 

1.1 

Swedish select oats and peas 

9 

110 

27.1 

1 05 

Millet 

8 

132 

25.7 

1.11 

Corn 

13 

115 

28.4 

0.91 

Corn 

19 

107 

24 9 

0 99 

Millet 

7 

115 

22.7 

1.0 

Cane 

25 

104 

20 8 

0.83 

Millet 

10 

77 

15.0 

0.70 


Summary of the feed and production of four coivs that were on the soiling system for succulent feedy 1913. Soiling system 
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Total or average | 4,760.0 | 16,681 4,150 ; 11,613 9 | 4 46 ! 517 23 | 1,052 254 95 

* Three cows only on this feetling period. 

t Under **period*’ is given the soiling crops period merely to designate the corresponding conditions of the silage 
group and does not mean that these animals received the feed listed under ‘‘period.” 
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Summary of 1916 trials 
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labor per acre to time of harvesting. 

The alfalfa feed as soiling was taken from a field and no labor charge was used for the preparation of ground. 
The sweet clover plot was used two j^ears with one seeding so the labor of preparation and seeding was divided for 
two years. 



144 


FRANDSEN, HENDRICKSON, WHITE, ET AL. 





SOILING VERSUS SILAGE 


145 


TABLE 18 

Showing chemical analysis of all feeds that were used in the soiling crops experimentj 

per 100 pounds of feed 



I>HT 

MATTER 

rm^DE 

PROTEIN 

TRUE 

PROTEIN 

ENERGY 

Silage 

2G 3 

1.1 

0.6 

15 90 

Sweet clover 

34 4 

3.3 

2 2 

17.30 

Canada peas 

16 6 

2.9 

2.1 

9 78 

Corn 

23.1 

1.0 

0.8 

14 60 

Kyc 

21 3 

2.1 

1 4 

15 99 

Wheat 

27 4 

2.8 

1.9 

18 75 

Cane 

24 9 

0.7 

0 4 

15 37 


26 1 

2.3 

2.0 

14 06 

Alfalfa hay 

91 4 

10.6 

7.1 

24 23 

Millet 

27 6 

1 9 

1.1 

17.24 

Oats and peas 

21.3 

2 0 

2 05 

11.92 

Grain mixture 

89 8 

12.17 

11.15 

78 79 

Kaffir corn* 

14 9 

1 1 

0.8 

i 13 64 

Cowpeas 

16 3 

2 3 

1.7 

10 42 

Alfalfa (green) 

25 9 

I 3.3 

1 8 

11 50 


* No analysis was given for kaffir so dent fodder in tassel was used as a 
substitute. 
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TABLE 20 

Digestible nutrients required to produce 100 pounds of milkj 1916 
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Net energy 

53 826 

55 630 
55.921 
54.433 
56.058 
60.719 
66.734 

63 705 
69.770 

71 896 

83 834 
77.613 
76.129 
91.135 

66 957 

True 

protein 

cocdooor^ooivooooocioit-^ 

8.248 

Crude 

protein 

8.372 

8 821 

8 989 

8 710 

9 008 

9 694 

10 839 

10 236 
10.843 

11 166 
13.7^ 

12 671 

12 414 

14 928 

10.745 

Dry matter 

89 583 
92 456 
94 885 
91 941 
94 639 
102.551 
114 310 
107.735 
113 561 
118 558 
141 182 
ia3 443 
127 325 
156.377 

112 746 

Net energy 

81 321 
69 264 
61.949 
90 663 
73 265 
76.870 
78 984 
76 142 
116 441 
87 481 
97 475 
125 375 
114.523 
121 878 

90 830 

True 

protein 

8 632 

8 034 

9 340 
11.893 

10 836 
12.508 

12 823 

12 281 

9.655 

7 260 
8.379 

10 901 

7 387 

10 398 

10 032 

H 

S’ 

OS. 

11.42 

10 496 

14 505 
16.420 

14 603 

15 246 
15.624 

14 872 
14.115 

8.430 

9.680 

15 541 

9 373 

14 941 

13.233 

Dry matter 

104 436 
91.947 
111 975 
159 652 
116 800 
121 769 
124.695 
118 276 
173.707 
125.909 
138 823 
183.440 
167 971 
180 079 

137.105 


S o V $ $ 

S: 04 a a a 

■2 •tS TJ 
” § § § § 



TABLE 21 

Summary for two years showing the summary of each system of summer feeding for dairy cows 
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Average 

1 

to 

141.0 

4,263.8 

16,231.0 

3.033.0 
11,120.95 

4.18 

465.22 

189.32 

40.30 

155.73 

36.74 

1.245 

110.555 

10.472 

8.044 

65.397 

1.050.0 
1,016.5 

1.665 

1 

141.0 

61,186.6 

5,408.0 

13,480.75 
4.29 
562.88 
247.57 
41.81 
470 50 

1.813 

149.975 

14.667 

11.35 

101.614 

901.2 

990.5 

2 445 

1915 

Silage 

160.0 

4,512.6 

16,681.0 

4.150.0 
11,613.9 

4.46 

517.23 

254.95 

41.83 

157.70 

36.88 

1.28 

112.746 

10.745 

8.248 

66.957 

1.059.0 
992.0 

1,731 

Soiling 1 

160.0 

69,550.0 

6,118.0 

16,707.5 
3.99 
656,45 
321.34 
36.27 
421 10 

1.857 
137.105 
13.233 
10 032 
90 830 
950.0 
1,081.0 
2.75 

a> 

1 _ 

Silage 

122.0 

4.015.0 
15,781.0 

3.716.0 
10,628 0 

3.9 

413 22 
123.69 
38.77 

153.77 

36.60 

1.21 

108.654 

10.20 

7.840 

63.837 

1.041.0 
1,041.0 

1 60 

Soiling 

122,0 

52.523.0 
4,698.0 

10.254.0 

4.6 

469.29 

173.81 

47.35 

519.91 

1.77 
162^846 
15,902 
12.67 
112 399 
853.4 
900.0 
2.14 


Number of days 

Pounds of soiling consumed 

Grain consumed 

Silage consumed 

Hay consumed 

Pounds of milk; produced 

Average per cent of fat 

Pounds of fat 

Hours of man and horse labor 

Grain required per 100 pounds milk 

Soiling required per 100 pounds milk 

Silage required per 100 pounds milk 

Hay required per 100 pounds milk 

Labor required per 100 pounds milk 

Dry matter required per 100 pounds milk . 
Crude protein required per 100 poimds milk 
True protein required per 100 pounds milk 
Net energy required per 100 pounds milk. . 

Weight of cows at beginning 

Weight of cows at end 

Acres of ground required 
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CAUSE FOR CERTAIN VARIATIONS 

The butter fat varies somewhat but there is a gradual rise 
in feed required for production due to the advance in lactation 
period. Also, adverse weather conditions cause an increase in 
the expense. For instance, in the sweet clover period for 1914 
there was considerable rainy weather and strong winds. This 
caused the forage to become badly lodged. This necessitated 
the expenditure of considerable time in harvesting the crop. 
In the case of feeding corn much time was expended in cutting up 
the corn into short lengths and hauling away the refuse stalks. 

It will be noticed as well that some of the crops as com and 
sweet clover were the only crops obtained from the same piece 
of land, while other plots of land raised two and some three 
different crops. This fact was responsible for a less expense 
because the rent was the same whether one or three crops were 
raised on the plot. 

The reason for the less expense in producing butter fat on the 
sweet clover for 1914, than for 1915 is due to the fact that the 
expense of preparation of the soil, sowing the seed, and hai-vesting 
are charged to the 1914 account while the harvesting only is 
charged to the 1915 account. 

It will be seen by the above data that in eastern Nebraska 
soiling can be practiced with profit. The milk flow was kept 
up, the climate was such that a rotation of palatable forage 
was possible, the cows showed by their increase in weight that 
the ration was healthful and nutritious and that there was a 
great saving in the acreage of land over the pasture system. 
The main objection, that of labor, remains the same as every- 
where but this can be overcome. 

This conclusion is not necessarily a plea for the soiling system 
in eastern Nebraska and the time is not yet at hand when soiling 
should be extensively practiced, yet it has been demonstrated 
that soiling is possible, that a rotation of crops can be planned 
that will furnish forage from the time of early summer until 
silage is available in the fall or through the summer when pastures 
are short which condition means a decrease in milk flow. 
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The special soiling crop plots comprised 1.47 acres and the 
yield was 26.71 tons of green feed. The sweet clover was grown 
on special plot -w'hich joined the other plots and required .52 
acres. The yield of green feed was 6.957 tons. Because of 
lack of feed the com used was cut from another field; 0.15 acres 
yielded 1.63 tons. With these additions the total amoimt of 
ground used in the soiling system was 2.14 acres and 3 delded 
35.29 tons of green feed. Not all this feed, however, was used by 
the cows in the experiment but it should be charged to them 
because the project was planned for them and on a farm where 
there were no other animals available, this surplus would have 
been wasted. The total amount of soiling crop used was 52,823 
poimds or 26.41 tons; this being 74 per cent of all feed produced. 

The fact that some of the feed was not used for the soiling 
group together with the fact that certain crops did not give 
as great yield as was anticipated would tend to show a greater 
acreage necessary for soiling crops than is ordinarily assumed. 

1914 SILAGE SYSTEM® 

The amount of silage consumed was 7.89 tons. 

The amount of alfalfa hay consumed was 3.86 tons. 

The average production for Nebraska is 8 tons of silage per 
acre. Using these figures it required 0.98 acre to produce the 
silage. The average production for alfalfa is 3 tons per acre 
would require 0.62 acre; for both silage and alfalfa the total 
requirement was 1.60 acres. 

1914 AND 1915 SOIUNO SYSTEM 

The same plots were used in 1915 as in 1914 comprising 1 .47 
acres and yielded 31.10 tons of green feed. 

The corn used was taken from a plot covering 0.56 acre and 
yielded 10.36 tons. 

The sweet clover was grown on a plot of 0.52 acre and yielded 
5.58 tons. 

* Averages are taken here because the silage and alfalfa hay were weighed 
up from the general herd supply rather than being produced on separate measured 
plots. 
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The alfalfa was taken from plot of 0.2 acres and yielded 2.(S4 
tons. 

The total amount of ground used was 2.75 acres and yielded 
49.SS tons of p;reen f(^ed. The actual amount fed was 34.750 
tons or ()9.() j)er cent of the amount produced. There was 
30.4 pc'r cent wasted, lost or uschI for some other f)urpose. 

1915 SILAGE SYSTEM 

The amount of sila| 2 ;e consumed was 8.34 tons. 

Th(‘ amount of hay coiisuuhhI was 2.075 tons. 

It r(‘(|uire(l 1 .04 acres for the silage. 

It re(juir(Ml OJIHI aerv^ for the (ilhlfa hay. 

TluMotal was 1.731 tno’C's for tln^ silafz;e crops. 

riie total amount of feed recpiired was greater for the soiling 
system. One year, the soiling system us(‘d more grain per 100 
])ounds of milk and the other 3 'ear the op])osite condition was 
true. The av(M’age for the two years th(' soiling crop iTHiuired 
a gr(‘at(M* amount of grain ])er 100 pounds of milk. Also under 
the soiling system tluaa' was a great(‘r amount of roughag(‘ used. 

The soiling ci'o]) was of course high in water content and a 
gr(\‘it<M* amount of dry matter was also recjuired. As an [iv(‘rage 
for the tw’o y(\ars the soiling system i)roduced more milk and a 
greater amount of fat, which is ])roportionat(' to tlu^ incn'ased 
consumption of teed. However, the greater amount (4‘ nutrients 
recpiired undei* soiling system shows that tlie soiling was h'ss 
efficient and more' expensive for milk ])roduction. As is expected 
the soiling system re([uired slightly more labor than tlu' silag(' 
syst(Mn and the soiling system, contrary to general belief I'ecpiired 
a great er acreage. 


SUMMARY 

1. Soiling crops are successful where rainfall is de])endabl(' 
and palatable feed furnished for dairy cows. The system is 
w’(41 adapted to eastern Nebraska conditions. 

2. Soiling crops correlate well with specialized dairying in 
distribution of labor throughout the day. 
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3. Succession of (irop is necessary for successful soiling system. 

4. Fall seeding is necessary in pro\dtling soiling crops for the 
early summer. 

5. Cows will maintain a more constant yield throughout the 
summer on a good ration of soiling crops than on most any 
ot her feeds. 

6. Cane shows a greater yield per acre than any other of the 
crops that were used in the soiling system. 

7. In 1914, the total hours of labor for the soiling crops was 
1 73.81 as compared with 123.69 hours for silage feeding. Hours 
of labor per 100 pounds of milk .soiling crops 1.77. Silage 1.21. 
This does not include milking and care of the cow. 

8. In 1915, the labor for feed in producing 100 pounds of milk 
was 1 .857 hours for soiling crops and 1 .28 hours for silage. 

9. The labor requirement for alfalfa as a soiling crop was 
lower than any other, w'hile the labor for millet and for cowpeas 
was greatest. 

10. The use of either silage or soiling crops for summer feeding 
of dairy cows decreases the necessity for a heavy grain ration. 

ADVANTAGES OF SOILING 

1 . Permits production of milk free from flavors due to pasture 
weeds. 

2. Furnishes a succulent ration and maintains a continuous 
milk supply when pastures may be seriously affected by drouth. 

DISADVANTAGES OF SOILING 

1. It requires a man and team daily to cut and haul a supply 
of forage to the feeding yards, interfering with the regular farm 
work. 

2. Even with carelql planning the season may be such as to 
hinder the developm^t of the crop with subsequent shortage 
of feed. 

3. Soiling crops must be gathered in all kinds of weather. 
In rainy weather the feed may be so wet and “washy” as to 
cause digestive disorders. 
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4. Another disadvantage of the soiling crop system is that 
there is always more or less waste. The product is good only 
for a short time as green feed and if not used then it must be 
used for some other purpose or it becomes a loss to be charged 
to the syst em of management. 

ADVANTAGES OF SUMMER SILAGE 

1. Feed is always on hand without any additional work. 

2. Will keej) for an indefinite length of time if properly 
prepared. 

3. Relished just as much as is a soiling crop. 

4. Independent of climatic conditions as supply is from pre- 
vious summer. 

5. Silage always under cover, hence does not recpiire harvesting 
in all kinds of weather. 

G. C'heaper succulent feed than soiling crop. 
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Fig. 2. Kherson Oats anx> Canada Peab. Late Plantino 
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Via, 3. Hwkkt Clovkh May he Uhed as Soiling Crop 



Fig. 4. Alfalfa Made Good Soiling Crop. Second Cutting 
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Fig. T). Millet Sown for Soiling Crop 



Fig. C. Swedish Select Oats and Canada Peas. Early Planting, 1915 




Fig. 8» Corn Usisd for Boilino Crops Should be Planted Thick 


ANNUAL MEETING OF THE AMERICAN DAIRY 
SCIENCE ASSOCIATION 

Oc;tobek 11, 1920‘ 

Aleetiiig was called to order by PreKident Mortensen, who 
called for a report from the secretary. The secretary’s report 
which follows shows the financial condition of the Association. 
It was njcomniended by the secretary that we provide some 
means for increasing the revenue to the Association. 

Following the secretary’s report President Alortensen gave 
the annual address. Among his suggestions weie recf)mmen- 
dations for a committee on membership, also a committee on 
program for the annual meeting. President Mortensen also 
strongly advised that we hold our annual meeting in sections 
as follows: (1) Relation to breed associations, (2) dairy pro- 
duction, (3) dairy manufacturing, (4) extension workers. During 
the course of his address our president strongly emphasised the 
need for workers in both teaching and investigation. 

BUSINESS SESSION 

Moved by Harding, seconded by Davis that a committee on 
program and a committee on membership be selected. Carried. 

At this point Professor Eckles was called upon to giv'e some 
interpretations of the membership clause in the new constitution. 
Dr. Harding also spoke on the question of membership, urging 
a broader interpretation of the membership clause. 

This matter was referred to the committee on constitution 
for a recommendation to be presented at the next annual meeting. 

Professor Mortensen announced that during the afternoon 
the meeting would be held in 'sections as previously outlined. 

Previous to adjournment Professor Mortensen introduced 
Mr. A. P. Hansen, dairy expert from Denmark, who spoke 
briefly of his work to the Association. 

Adjourned. 

' Credit is due President Mortensen and Secretary N. W. Hepburn for prepay- 
ration of this report. 

15S 
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October 11, Afternoon Sessions 

DAIRY PRODUCTS SECTION 

At the opening of this session Dean Van Norman was intro- 
duced. The Dean spoke very enthusiastically concerning the 
desirability of holding a world’s dairy congress. 

Following Dean Van Norman’s talk, it was moved, seconded, 
and carried that the matter of a dairy congress be made a special 
order of business at the evening banquet. 

Moved, seconded, and carried that a nominating committee 
be appointed to select the officers for the manufacturing section. 

Committee selected was Harding, Guthrie, Bouska. 

At this point committee reports were called for. Dr. Harding 
made a report on milk qiiality which follows : 

Report of the Cohuitiee on Milk Quality 

At its last annual meeting this Association adopted a resolution stat* 
ing that it “approved of the standardization of milk imder proper 
supervision” and directing its committee on milk quality to get in 
touch with others interested in this subject. 

In accord with these instructions the subject of standardization oi 
milk was presented to the annual meeting of the International Milk 
Dealers Association. Many of the members expressed themselves as 
very favorable to the proposition. However, scune members oj^iosed 
tihe idea as introducing further complications into an already badly 
mixed situation. Because d[ tins difference of opinion no official action 
was taken or committee appdnted by this Associaldon. From what 
could be learned there seemed to be httle oppositicm to the principle 
invcdv»i; however, there was the feeling that the success of such an 
innovation wintld depend largely upon how it was administered. Ac- 
ccothsidy hesitated to approve standardization, pr^enring to 
leave the initiative to their health (^dals. 

The 8id]|ect was fdso brought to tiie attention of the National Milk 
ihfoducers Federation. They have a standing omnmittee on mifik 
and at iMr annua! meeting tins conmnttee inesented a report 
oi aubstantially the same tenor as the resolution adopted by our Asso- 
ciation. However, in the discumioa of this repmt from the floor it 
developed that the question of standmdization was und» disousason 
/ 

. fomtAx* or OAOtr sotiapos, vr^ tro* a 
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at some of the larger cities and the sentiment of the producers in these 
regions was divided in the matter. On this account the report was 
referred back to the committee with instructions to study the question 
and report at the coming annual meeting. Conference with the lead- 
ing members of the Federation developed the fact that the leaders were 
not opposed to standardization and a number of them were strongly 
in favor of it. However, as their annual meeting is that of a delegate 
body they hesitated to commit the organization to any policy regard- 
ing a question which had not been presented to their constituency. 

As an indication of the present interest in this subject the definition 
of milk as contained in an ordinance adopted about a year since at 
St. Paul, Minnesota, is interesting. That portion of the definition 
relating to standardization follows: 

Legal milk . — All milk sold in the City of Saint Paul shall he the fresh, clean 
normal lacteal product from healthy cows, outside the period of fifteen days 
before and five days after calving, or until free from colostrum. It shall be free 
from visible dirt, pathogenic bacteria, objectionable odor, flavor or color, and 
shall contain not more than two-tenths per cent (0.2 per cent) acidity. It shall 
contain not less natural butterfat, not less milk solids, not fat, nor less total 
milk solids than required by the state law, and not more water than permitted 
by the state law. Its specific gravity shall be not less than 1030 at 60° Fahren- 
heit, it shall contain no added substance except normal equally pure milk or 
cream. The mixing or blending of different lots of milk, cream or skim milk 
which conforms to the standards established by this ordinance for the purpose 
of standardizing the butterfat content is not prohibited. 

It should be noted that this ordinance does not provide for a stand- 
ardized product having a percentage of fat or solids not fat lower than 
the state minimum legal limits. This may have been in deference to 
the state law which would have applied regardless of the city ordinance. 
It should also be noted that it provides only for the mixing or blending 
of milk, cream and skim milk. It is of interest that since the passage 
of this ordinance a local shortage of w^hole milk led to the manufacture 
of milk from milk powder, butter and water. A brisk controversy arose 
as to the permissibility of this action. 

While apparently everyone is prepared to subscribe to the proposi- 
tion that milk should be standardized provided it is so labeled as to 
inform the consumer of its real food value, skepticism regarding the 
latter point leads to the following questions: 

1. Shall there be a minimum limit below which standardization shall 
not be allowed? 
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'lliose who would answer this in the affirmative seem inclined to fix 
this minimum composition either at the legal minimum limit or at the 
estimated average composition. For example, the St. Paul ordinance 
already quoted placed the limit at the minimum legal limit, and your 
committee understands that this is the ruling in the State of Indiana. 
On the other hand in discussions which have occurred in connection with 
the milk supply of New York State and the C^ity of Milwaukee, 3.5 per 
cent of fat has been seriously considered as the low^cr limit of composi- 
tion for standardized milk. 

2. Shall standardized milk he sold under a special label and if so what 
kind of a label? 

If standardized milk is to be treated as a product distinct from milk 
the food laws require that it carry a distinctive name. According to the 
!)resent constriKdion placed upon the food laws by a number of food 
officials “remade milk/’ “reconstructed milk” and “standardized milk” 
are not distinctive names for a product wliich is not milk. 

On tJu^ other hand it may I)e contended that w^hen standardized milk 
contains no su))stance fonagn to milk it is really milk and its present 
conflict with some of the legal definitions of milk arise from a lack of 
logic in these legal definitions resulting from framing the lawvs to accom- 
plish c(*rtain purpost^s. The sharpest difference of opinion arises over 
the use of milk powder and butter in reconstructing milk. If they are 
to be considered mcTcdy as milk solids, wiiich have been put into a more 
convenient form for transportation or stoiage the product of their recom- 
bination may be c(aisidered as milk. How’ever, if the product- of 
recombining milk ])owaler or condensed milk, butter and water is to 
be recognized as milk the necessity of some further designation than 
merely a statement of fat in order to make evident its food value is 
plain. It will be held by many that this same index of food value is 
desirable w^ith all milk and if all milk wtu'c required to carry an index of 
food value no special enactment, would be needed for reconstituted milk. 

3. Assuming that some index of food value should be carried by 
milk, what index or indices is necessary in order to protect all parties 
coiK'erned? 

There seems to be a consensus of opinion that a statement of fat 
content is desirable. Where only cream and skim milk are employed in 
standardizing some feel that the fat content is a sufficient guarantee of 
food value. On the other hand wherever water is employed in the 
standardization there is a general feeling that a statement of solids not 
fat is necessary as an evidence of food value. Should we treat all 
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milk alike and require a statement of fat and solids not fat regarding 
all milk? 

There seems to be little agreement upon these three points among 
the various classes interested in the question of milk standardization 
and your committee respectfully asks your careful consideration of 
them, with the prospect later of a questionnaire as a medium of express- 
ing 3 ’our views. 

W. A. Stocking, Jr. 

R. S. Breed, 

E. G. Hastings, 

r * 

F. Rasmussen, 

H. A. Harding, 

Chairman, 

The following committee on organization was appointed and 
asked to report next year: Hunziker, Frandsen, Breed, and 
Gamble. 

A brief report on legal standard for butter w^as made after 
which the following motion was offered by Bouska and seconded 
by Harding. 

The motion was carried. 

Resolved that the chairman of the committee on butter standards 
keep informed on national hearings regarding butter fat standards and 
that he submit to the officials conducting such hearings any information 
or resolutions which have been adopted on butter standard by the 
American Dairy Science Association. That said chairman be author- 
ized to sign such communications and that said chairman submit these 
communications to such state bodies or associations as may be required 
to secure proper consideration of this matter. 

Dr. Breed gave the report on bacteriological methods foi 
market milk. 

The report as given below was ordered filed. 

Report of Committee on Bacteriological Methods for Market 

Milk 

There arc two matters brought to your attention in the following 
report: 

1. A discussion of the standard methods for the sanitary analysis of 
milk recently adopted by the American Public Health Association at 
their meeting in San Francisco. 
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2. A (lijscussion of the need of state legislation for the control of bac- 
terial analyses of milk where these are used as a basis for payment to 
dairymen. 

Standard methods for the sanitary analysis of milk. Your committee 
on bacteriological mol hods has again been asked to cooperate with the 
American Public Health Association committee in the preparation of a 
complete revision of the Standard Methods Report. This was done 
gladly and it is a pleasure to report that the crit i(‘.isms and informations 
furnished by the various members of the (committee haA^^ proved of very 
material help to the American Pul>lic Health Association committee. 

A summary of the most important change's from the 1910 report 
follows. Tlu're are no ))rovisions in the report that will cause a radical 
change* in the*, methods now in use, although there are many things in 
it whi(‘h look toward greatly imi)roved conditions. 

1. The newer methods for determining the reaction of agar media 
are included. 

2. Em])hasis is ])la(‘ed u])on the necessity for a Ksinple and inexpensive 
technique for agar i)lating for gc'iieral routine purposes. 

3. However to safeguard the use of these routine methods where 
punitive actions are to lx* taken ])y control officials, the necessity for 
securing a series of samf)les is ('inphasized, and at the same time it is 
recommended that wh(*r(*A'er actions an* likely to bo questioned in 
court that the.y be based u]K>n analyses made with greater care than 
that used for ordinaiy routine work. These are spoken of as verification 
methods. 

4. Because of the present extensive us(* of the Breed microscopic 
technique the rei)ort accepts this as a standard technique of equal 
standing witli the agar j)late count when used for judging the quality 
of unpasteurized milk. 

5. Because of the promise of usefulness in the* Frost microscopic agar 
plating technique as a means of getting (piick results on all types of 
milk, this technique is given with the recommendation that it be given 
a real tryout by the control laboratories of the country. 

6. As the use of these different methods of counting the bacteria of 
groups of bacteria in milk raises the question of the relation between 
the counts obtained, it is recommended that the present practice of 
speaking of agar plate counts as showing the “number of bacteria per 
cubic centimeter^' be discontinued and that the agar plate counts ob- 
tained by the routine standard method be referred teas “official plate 
counts." The ratio between the microscopic count showing the true 
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number of individual bacteria and the official plate count is tentativelj’ 
placed at 5 to 1. 

7. It will be noted from the title of the report, that its scope has been 
broadened to lower the standardization of the methods officially recog- 
nized as useful in the determination of the sanitary quality of milk. 

8. As bacterial counts merely give us an approximate knowledge of 
the amount of bacterial life present, other tests useful in determining 
the sanitary quality of milk are included. These arc primarily the 
sediment test for visible dirt, and the microscopic examination of milk 
or of milk sediments for the presence of long chain streptococci. Mention 
is also made of the possibilities for usefulness of other biochemical or 
bacteriological tests, and the hope is expressed that investigators and 
control officials will continue experimental work along these lines. 

9. In order to satisfy the demand on the one hand that the report 
be merely a short and technical statement of required procedures, and 
an equally insistent demand on the other hand that specific descriptions 
of procedures be given in order that those unfamiliar with standard 
procedures might have directions at hands, the committee has prepared 
a descriptive report with a summary of the required procedures at the 
end of the report. The American Public Health Association com- 
mittee feels that this has resulted in placing the cart before the horse : 
but owing to the press of time it was impossible to recast the whole 
report so as to place the required procedures at the beginning of the 
report. 

State legislation for the control of hacierial analyses of milk where 
these are used as a basis for payment to farmers. The recent rapid devel- 
opment of the practice for paying for milk on the basis of the number 
of bacteria present, and the certainty that the future will see a develop- 
ment of this practice has brought out the necessity for a state super- 
vision of the analytical methods similar to that now exercised in many 
states over the butterfat test. With minor differences, the conditions 
are almost identical with those surrounding the use of the Babcock- 
test. These are already thoroughly familiar to the members of this 
Association. 

It appears that this new legislation should take a very similar form 
to that already in force regarding the Babcock test, namely, (a) the en- 
forcement of the law should be in the hands of the same bureaus that 
enforce the butter fat law, (b) analysts doing the work should be com- 
pelled to show credentials proving their competence for the work, (c) 
they should be placed under a license system with the power to revoke 



AMERICAN DAIRY SCIENCE ASSOCIATION 


165 


the license placed in the hands of the State, (d) the graduated glassware 
used should be tested under State supervision, (e) the methods of taking 
and handlingsamplesshould be placed under control and provision should 
be made for the analysis of the milk by impartial analysts wherever a 
dispute arises, (f) the law should compel the preservation of records or 
of microscopic preparations so far as this is feasible or desirable. 

It is not necessary <o recite the particular conditions that make such 
legislation desirable. Every bacteriologist knows the possibilities for 
unfair practices in connection with bacterial counts, and will recognize 
the need for state control. We therefore request the Association to 
formulate and pass resolutions urging the necessity for this legislation. 

R. S. Breed, 

L. A. Rogers, 

E. G. Hastings, 

B. W. Hammer, 

J. D. Brew, 

Committee. 

It was moved, seconded, and carried that a committee be 
appointed on the matter of a national dairy congress. 

The following committee was appointed ; Rawl, Eckles, Breed, 
Hunziker and Gray. 

Committee report on official methods for testing milk, and 
cream for butterfat. Professor Hunziker gave the report w'hich 
follows: 

Report of Committee on Official Methods for Testing Milk and 
Cream fob Butterfat 

Your committee begs to submit the following brief report: 

The specifications for standard pipettes adopted at our annual meet- 
ing in 1916 read as follows; 

Pipette, capacity, 17.6 cc. Total length of pipette not more than 330 mm. 
(13i inches). Outside diameter of suction tube 6 to 8 mm. Length of suction 
tube 130 mm. Outside diameter of delivery tube 4.5 to 5.5 mm. Length of 
delivery tube 100 to 120 mm. Distance of graduation mark above bulb 15 to 45 
mm. Noizle straight. To deliver its contents when filled to the mark with 
water at 20°C,, in five to eight seconds. The maximum error shall not exceed 
0.05 00. 



166 


ANNUAL MEETING 


The clause deliver its contents when filled to the mark with water at 
in five to eight seconds^^ leaves in doubt as to whether the pipette 
is intended to contain and hold 17.6 cc. of water, or to deliver 17.6 cc. 
of water when ihe last drop is blown out. This uncertainty has caused 
a great deal of confusion and controversy in the construction and cali- 
bration of pipettes between officials in charge of the enforcement of 
standard glassware laws in the various states and glassware manu- 
facturers, and in some cases entire shipments of pipettes have been con- 
demned and returned to the manufacturers by state officials because 
the pipettes did not conform to their interpretation of the law\ 

It is obvious that the pipette cannot deliver its contents quanti- 
tatively because part of the contents will cling to the walls even though 
the last drop is blown out. The pipette will deliver less than it holds. 

Your committee has subjec^ted this matter to careful study, and in 
conference with the United States Bureau of Standards, has concluded 
that the original intention was that the pipette should hold 17.6 ec. 
and not deliver that amount. We therefore l)eg to recommend to 
change the wording of the original specification as follow\s: 

Pipette^ capacity 17.6 cc. oj tvater at The total of pipette not more than 

330 rnrn. (131 inches). Outside diameter of suction tube 6 to 8 mm. Length of 
suction tube 130 mm. Outside diameter of delivery tube 4.5 to 5.5 mm. Length 
of delivery tube 100 to 120 mm. Distance of graduation mark above bulb 15 to 
45 mm. Nozzle straight. To diacharge when filled vnth water in five to eight 
seconds. The maximum error shall not exceed 0.05 cc. In the operation of ihe 
test the last drop of milk should be blown out of the pipette into the test bottle. 

Your committee desires to further emphasize that the length and 
diameter of the discharge and of the standard pipette are of such pro- 
portions that the pipette readily slips into the neck of the standard 
test bottle. This makes it possible wfficn transferring the milk from 
the pipette to the test bottle, to drop the discharge stem of the pipette 
into the neck of the test bottle until the bulb of the pipette rests on the 
flange of the bottle neck. This greatly enhances the speed of the oper- 
ation and it avoids all danger of spilling. 

Hunzikek. 

It is recommended that instructors in milk testing adopt this method 
of discharging the pipette into the test bottle in preference to the 
method of holding the pipette in a slanting position and resting the tip 
of the pipette against the mouth of the neck of the test bottle, which 
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latter method is awkward, slow of operation and not suitable for com- 
mercial use. 

Respectfully submitted, 

By the Committee, 

L. A. Rogers, 

H. C. Troy, 

Fred Rasmussen, 

F. W. Bonuska, 

O. F. Hunziker, 

Chairman. 

Moved by Gamble that the report lie accepted. Carried, 

Moved by Frandsen that chairman of the committee on 
glassware be empowered to get in touch with legislative bodies 
to give our report the proper publicity. Carried. 

At this time Professor Mortensen introduced Dr. S waiving, 
Chief of the Dairy division, Department of Agriculture, Holland, 
and Professor Van Dar Berg, College of Agriculture, Holland. 
Each of these gentlemen made appropriate talks to the Manu- 
facture Division of the Dairy Science Association. 

Report by Frandsen on score card for dairy products. 


Score card for milk 

poirUs 

Bacteria . 3.5 

Flavor and odor 25 

Visible dirt . 10 

Fat 10 

Solid, not fat . . . . 10 

Acidity .. .. 5 

Bottle and cap 5 


100 

The committee does not feel warranted at this time in recommending 
score cards for ice cream, milk powder or condensed milk, but urges 
that the committee be continued and additional men be added to the 
committee and that during the coming year an especial study be made 
relative to score cards of these products. 

Moved that the score card as read for milk be used for one 
year in our contests in judging milk. Carried. 

Professor Frandsen reported further that Dr. Harding had 
submitted a number of suggestions which in substance would call 
for very radical change in our present milk score card. 
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Regarding these suggestions, Professor Frandsen said the com- 
mittee has as yet taken no action, but he desired that Dr. 
Harding’s recommendations should be published so that all 
members of the association would be familiar with them and 
ready to discuss and take action regarding same next year. 


Suggestions Hegabding the Score Card for Milk 


The primary object of the milk score card is to point out the real 
quality of the milk. The present two score cards for milk differ in their 
allotment for flavor and odor, fat, and solids not fat. Both allotments 
are given below and alongside is shown the.se present cards rearranged 
according to the definition of milk quality which has been adopted by 
this Association. 


Present score cards for milk 


Bacteria 

Flavor and odor 

Visible dirt 

Fat 

Solids not fat 

Acidity 

Bottle and cap , 


Perfect 

35 35 

25 15 

10 10 

10 15 

10 15 

5 5 

5 5 


100 100 


Present score cards rearranged 


Food value < 

Fat 10 16 

Solids not fat 10 16 

Healthfulness, T.B. test, or Pasteurization 0 0 

Cleanliness, visible dirt 10 10 

Bottle and cap 5 5 

Keeping quality, bacteria 35 35 

Flavor and odor 25 15 

Acidity 5 5 


100 100 

Sanitation bulks large in the discussion of milk and true sanitation 
means protection from disease germs. The entire omission of such, 
safeguards in the above cards shows that a revision is desirable. Below 
is given a suggested milk score card indicating the principles which 
should enter into a proper milk score card. 
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Suggested score card for milk 


Division I; 

Food value Perfect 

Fat 15 

Solids not fat 10 

Division II : 

Hcalthfulness 25 

Division III: 

Cleanliness, visible dirt 25 

Division IV; 

Keeping quality, flavor and odor 15 

Bacteria 5 

Acidity 5 


100 

When the score of each division is 20 or above the milk is GOOD. 

When the score of each division is 23 or above the milk is EXCELLENT. 

A card like the alKwe would a^ssist in grading a city milk supply. 

Report of committee on legal standard for ice cream. This 
report was prepared by Professor Ruehe and in his absence 
read by the secretary. 

The report was referred back to the committee for further 
consideration. 

Report bj' Professor Potts on dairy statistics. 

This report was adopted, but has not been received by the 
secretary. 

Reports on results of the dairy products judging contest by 
Professor White follows: 


Awards 

Team having highest grade on all products. — The National Dairy Asso- 
ciation Cup: To Ohio State University. 

Individtuds having first, second, and third highest grades on all products, 
— The National Dairy Association medals: A. H. New, Ohio State 
University, Gold Medal; C. Farr, Iowa State College, Silver Medal; 
T. V. Armstrong, Ohio State University, Bronze Medal. 

Team having highest grade on butter. — The J. G. Cherry Cup: To 
South Dakota State College. 

Team having highest grade on cheese. — Tlie Hoard’s Dairsman Cup: 
To Ohio State University. 

ITeoOT having highest grade on milk. — The J. B. Ford Cup: To Ohio 
State University. 
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Teams placing all products 


Oratle 

Ohio State University 8458.665 

Maryland University 8393.874 

Iowa State College 8393.758 

South Dakota State College ^ 8345.832 

Purdue University 8251 .374 

Cotitesiants placing all product!^ 

Grade 

1. A. H. New, Ohio State University 2836.583 

2. C. Farr, Iowa 2834.500 

3. T. V. Armstrong, Ohio 2822.666 

4. J. H. Snyder, Maryland 2817.875 

5. Geo. Biggar, South Dakota 2815.916 

6. Chas. Reynolds, Maryland 2808.291 

7. Homer J, Kline, Ohio 2799.416 

8. D. A. Salisburg, Iowa 2796 250 

9. Richard Gardner, South Dakota 2780.458 

10. W. T. Poe, Purdue 2779 208 

11. J. R. Graham, Maryland 2767.708 

12. John A. Nelson, Iowa 2763 008 

13. Clifford Peck^ South Dakota 2749.458 

14. G. J. Brown, Purdue 2736.166 

15. Paul Blackburn, Purdue 2736.000 

Report of team placing butter 

Grade 

1. South Dakota State College 2895.0 

2. Iowa State College 2887.0 

3. Ohio State University 2887.0 

4. University of Maryland 2879.5 

5. Purdue University 2854.5 

Report of team placing cheese 

Grade 

1. Ohio State University 2730.000 

2. Maryland University 2704.375 

3. Iowa State College 2688.125 

4. South Dakota State College 2682.500 

5. Purdue University 2661 .875 

Report of team placing milk 

Grade 

1. Ohio State University 2841.659 

2. Iowa State College 2818.333 

3. Maryland University 2809.999 

4. South Dakota State College 2768.332 

5. Purdue University 2734.990 
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Report of contestants placing butter 

Cjrade 

J. J. H. Snyder, University of Maryland 981 0 

2. Geo. Biggar, South Dakota State College 973 0 

3. D. A. Salisburg* Iowa State College 965 0 

4. C. Farr, Iowa State (College 964 5 

5. A. H. New, Ohio State University. 964 5 

6. T. V. Armstrong, Ohio State University 963 5 

7. J. U, Graham, Maryland University 963.5 

8. Richard Gardner, South Dakota State C.ollege . . 961 5 

9. Clifford Peck, South Dakota State College 960 5 

10. Homer J. Kline, Ohio State University ... .... 959 0 

11. John A. Nelson, Iowa State (’ollege .... . . 957 5 

12. W. I. Poe, Purdue University. . . 954 0 

13. Paul Blackburn, Purdue University 951.0 

14. G. J. Brown, Purdue University 949 5 

15. Charles Reynolds, University of Maryland 936 0 

Report of contestants placing cheese 

Grade 

1. Chas. Reynolds, Maryland I^nivcrsity 925 625 

2. F, V. Armstrong, Ohio State University 917 500 

3. A. H. New, Ohio State University 913 750 

4. Richard Gardner, South Dakota State College 905 625 

5. C. Farr, Iowa State College. . . 905 (XK) 

6. J, H. Snyder, Maryland University 904.375 

7. W, I, Poe, Purdue University 904.375 

8. George Biggar, South Dakota State Cvillege 901.250 

9. Homer J. Kline, Ohio State University 898.750 

10. D. A. Salisburg, low^a State University 898.750 

11. John A. Nelson, Iowa State College 884.175 

12. G. J. Brown, Purdue University 882.500 

13. Clifford Peck, South Dakota State College 875.625 

14. Paul Blackburn, Purdue University 875 000 

15. J. R. Graham, Maryland University 874.375 

Report of contestants placing milk 

Grade 

1. C. Farr, Iowa State College 965.000 

2. A. H. New, Ohio State University 958.333 

3. Chas. Reynolds, IMaryland University 946 666 

4. F. V. Armstrong, Ohio State University 941.666 

5. Homer J. Kline, Ohio State University 941.666 

6. Geo. Biggar, South Dakota State College 941.666 

7. D. A. Salisburg, Iowa State College 932 600 

8. J. H. Snyder, Maryland University 932.500 

9. J. R. Graham, Maryland University 9, ‘10.833 

10. John A. Nelson, Iowa State College 920.833 

11. W. I. Poe, Purdue University 920 833 
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Grade 

12. Clifford Peck, South Dakota State College 913 333 

13. Kichard Gardner, South Dakota State College 913.333 

14. Paul Blackburn, Purdue University 910.000 

15. G. J. Brown, Purdue University 904.166 


Moved by Washburn that ice-cream be included among the 
products for the dairy judging contest. Carried, 

Moved, seconded and carried that a committee be appointed 
to discuss with Colonel Skinner, secretary of the Dairy Show 
the questions of increasing the number of medals for student 
judging contests. Carried. 

The following were elected as officers of the manufacturing 
division: Roy Potts, chairman; W. P. B. Lockwood, vice- 
chairman; Rudnick, recording secretary. 

Afternoon session adjourned. 

Banquet 

The annual banquet of the Association was held at the Hotel 
Sherman, 

Our honored guest of the evening was President R. A. Pearson 
of Ames, Iowa, who gave us a very inspiring address. 

Talks were also made by Dean Van Norman and Chief Rawl, 
two men who have during these past years been a source of 
strength and inspiration to the Association, 

Chief Rawl moved that our Association go on record favoring 
an international dairy congress to be held in the fall of 1922 . 
Carried. 

The following committee was named with power to act, on 
matters pertaining to the dairy congress: Chief Rawl, Professor 
Eckles, Professor Breed, Professor Hunziker, C. E. Gray, Pro- 
fessor Mortensen, and Professor Erf. 

Professor Frandsen gave an interesting talk regarding the 
Journal op Dairy Science, 

The following resolution was passed : 

The American Dairy Science Association urges the passage of laws 
by state legislatures to control the making of bacteriological analyses 
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where these are used as the basis of payment. These laws should be 
similar in general form to those already in force for the control of the 
butterfat tost. 

Banquet adjourned. 


Minutes op the Meeting of the Advanced Registey Test- 
ing Section of the Ameeican Dairy Science 
Association, Held at Chicago, Illinois, 

October 11, 1920 


The following men were present at the meeting: 


II. P. Davis, Idaho 

C. H. Ecklcs, Minnesota 

W. L. Gaines, Illinois 

C. W, Larson, Washington, D. C. 

J. R, Dice, North Dakota 

J. H. Frandsen, Nebraska 

J. A. Gamble, Maryland] 

C, E, Wylie, Tennessee 
J. M. Fuller, New Hampshire 
E. B. Fitts, Oregon 

E. G. Woodward, Washington 
C. W, Turner, Missouri 

C. II. Gearhart, Kansas 
C, A. Iverson, Iowa 

F. W. Well, California 
W. J. Fraser, Illinois 


W. W. Swett, Missouri 
M. M. Regan, New Jersey 

A. C. Ragsdale, Missouri 
Helmer Rabild, Washington, D. C 
H. E. Van Norman, California 

O. Erf, Ohio 

T. M. Olson, South Dakota 

L. H. Fairchild, Indiana 
J. B. Fitch, Kansas 

B. R. Rogers, Chicago, 111. 

R. H. Mason, Arkansas 

R. S. Hulce, Wisconsin 

M. II. Campbell, Illinois 

A. A. Borland, Pennsylvania 
R. T. Harris, Wisconsin 
M. H. Fohrman, Minnesota 


Meeting called to order by the temporary chairman, Mr. 
Eckles. 

H. P. Davis of Idaho was unanimously elected permanent 
chairman of the Section. 

M. H. Fohrman of Minnesota was elected permanent secretary 
of the Section. 

Motion made that a committee be appointed to draft rules 
of eligibility, officers, and all other matters necessary for the 
permanent organization of the Advanced Registry Testing 
Section of the American Dairy Science Association. Motion 
carried. 
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Chairman Davis appointed the following to act on this com- 
mittee: E. G. Woodward of Washington, 11. T. Harris of Wis- 
consin, W. J. Regan of New Jersey. 

Report of the committee on relation to breed associations. 
This committee was made up as follows: C. H. Eckles, Min- 
nesota (chairman); R. T. Harris, Wisconsin; W. W. Yapp, 
Illinois; H. H. Wing, New York; G. C. White, Connecticut; 
E. G. Woodward, Washington. 

Chairman Eckles read the following report of this committee: 

Report of the Committee on Relations to Breed Associations 

At the last meeting of the Dairy Science Association a recommenda- 
tion by this committee was adopted as follows: 

That the experiment stations or colleges in vouching for official tests, stamp 
each report with a statement exempting the institution from any legal responsi- 
bility for the accuracy of the tests. 

The chairman of the committee was instructed to formulate with 
legal advice a proper statement for this purpose and to send a copy of 
this statement to each superintendent of official testing. This was car- 
ried out as directed. The statement as formulated was as follows: 

That this report is vouched for with full confidence in its accuracy, but is not 
guaranteed by the and is subject to cancellation for error. 

This statement is a modification of that which has appeared for several 
years on Holstein pedigrees. No information has been gathered as to 
how generally such a statement has been adopted by the various state 
superintendents. 

The following resolution was also adopted : 

That the American Dairy Science Association recommend to the Association 
of Agricultural Colleges and Experiment Stations that all dairy breed associa- 
tions be requested to relieve the colleges and experiment stations after October 1, 
1920, of the supervision of official dairy tests where the test period is less than ten 
months in length. 

The committee was directed to forward this resolution with a suit- 
able explanatory statement to the executive committee of the American 
Association of Land Grant Colleges. Such a statement was proposed 
by the chairman of your committee and sent with the resolution to 
President Thompson of Ohio State University, the chairman of the 
executive committee. 
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His committee declined to consider the matter on the grounds that it 
is a local issue and therefore does not come within the field of their 
deliberations. 

Following the annual meeting of the American Association, a new 
executive committee was appointed of which President Pearson of Iowa 
is chairman and President Riggs of South Carolina, President Stone of 
Purdue, Dean Russell of Wisconsin and Dean Mann, Cornell, members. 

The matter was again presented to this new committee with the same 
results. Apparently this Association of Deans does not see fit to 
officially consider the problems of official testing. However, through 
the offer of a prominent dean to call a special conference for the purpose, 
an opportunity is offered of having our recommendations considered 
unofficially by a group of the deans most interested. 

At a meeting of your committee last year, a subcommittee consisting 
of Harris of Wisconsin and Yapp of Illinois was apj^ointed to consider 
the mat, ter of financing official testing. During the year this subcom- 
mittee submitted a statement to the Dairy Breed xissociations for their 
consideration and a recommendation concerning the matter is later 
presented for your consideration. 

In preparation for this meeting, the chairman of your committee 
asked each superintendent of official testing to submit such matters as 
h(^ desired for the consideration of 3'our committee. A resume of 
these suggestions was s\ibmitted to the committee for consideration and 
discussion. As a result of the deliberations of your committee, certain 
recomiiKuidations are submit ted for your consideration. It is suggested 
that these recommendations be made the first order of business and 
that later opporl unity be given for a general discussion of official testing 
problems, tiie suggestions pre>sented to the committee to form a program 
for such discussion. 

The following recommendations were made by the committee: 

Resolution Number 1 

Whereas: (1) In 1914 the American Science Association adopted 
the following statement concerning the relation of the agricultural col- 
leges and experiment stations to the breed association in regard to official 
testing as follows: 

It is not the province of the agricultural colleges to undertake the control in 
any way of the rules and requirements for advanced registry adopted by the 
several breed associations. The interest of the colleges in this matter is purely 
an advisory one. 
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Inasmuch as the colleges are called upon to conduct the tests for advanced 
registry and to stand responsible for the accuracy of the results reported it is 
their right to formulate the rules governing the conduct of the tests and the 
work of the supervisors. The relation of the breed associations to this work is 
only an advisory one. 

(2) The superintendents of official testing for the Holstein-Friesian, 
Guernsey, Ayrshire and Brown Swiss Breed Associations liave by 
direct statement or by implication from the statement of their rules 
and from their attitude in dealing with state superintendents of official 
testing accepted the substance of this statement and recognize the full 
responsibility of the state superintendent of official testing for the 
conduct of all official testing in his state. 

(3) The American Jersey Cattle Club has never in its dealings with 
the various superintendents of official testing conceded the full respon- 
sibility of the state superintendent for the conduct of tests in his state 
and have adopted certain rules in variance with the standard rules for 
the conduct of official testing approved by the American Dairy Science 
Association. These rides and this general attitude on the part of the 
Jersey Cattle Club has been the cause of much friction between the 
breeders and the superintendents of official testing. 

For these reasons we request, and insist upon, the following action 
by the Jersey Cattle Club or by its superintendent of the register of 
merit. 

1. The recognition of the full responsibility of the superintendent 
of official testing for the conduct of all tests within the state. 

2. That the rules for the conduct of official testing as published in the 
handbook issued by the Jersey Club be modified to conform to the rules 
for the conduct of tests as approved by the American Dairy Science 
Association. In this connection we recommend, but do no insist upon 
the publication of these standard rules and the elimination of all other 
rules concerning the conduct of tests except such as may be deemed 
necessary to supplement these rules. 

Resolution Number ^—Financing official testing 

Whekeas: (1) The rapid increase of official testing has placed a 
severe financial burden upon the experiment station or college taking 
the responsibility. Even when all charges are assessed to the breeder 
a large revolving fund or free balance is necessary, amounting to from 
$500 to $10,000 in different states. Many experiment stations are 
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finding it difficnlt to carry this burden. In the opinion of this Asso- 
ciation this burden should l)c borne by tiie breed associations for whom 
the testing is done. 

(2) The collection of bills for official testing by the superintendent 
of official testing causes more or less strained relations at times between 
his institution and breeders, and furthermore under present arrange- 
ments the recourse of the su])erintendent of official testing in case of 
delay of pajnncnt of bills is inadequate. 

For these reasons we ask the breed association to adopt the following 
plan : 

1. The collecting of all bills for advanced registry testing be done by 
the national association for which the testing is done. 

2. The state supervising the test to render a bill covering the cost of 
supervision to the national asso(‘iation. The same to be accompanied 
by the super\dsor's authenticated report of the test. 

3. The breed association to make payment direct to the experiment 
station immediately upon receipt of the test reports properly made and 
the bill properly rendered. Any errors to be corrected later. 

4. The experiment station to be responsible for the accuracy of the 
bill rendered and any error or discrepancy on the part of the experiment 
station to be properly adjusted by them. 

As a means of bringing this about we recommend 

(1) A conference of the committee on relation to breed associations 
with representatives of the breed associations. 

(2) That each superintendent of official testing be urged to bring the 
matter to the attention of the administration of his institution. 

(3) That the matter be brought before a conference of deans and 
directors if found possible. 

Resolution Number 3 

This Association reaffirms its position as taken in 1913 and 1917 
concerning the authentication of cow test association records. The 
resolution as passed at the eleventh annual meeting in 1917 was as 
follows: 

It is the sentiment of this body that records supervised by cow testing asso- 
ciation employees should not be authenticated unless the supervisor selected and 
employed by the superintendent of official testing in that state, and that the 
work be done in strict accordance with the rules adopted by the Official Dairy 
Instructors' Association for the conduct of official tests, and further that even in 
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states where cow testing association records are authenticated under these con- 
ditions the practice should be discontinued as promptly as more satisfactory 
arrangements can be made. 

The coininillee on relation to the breed association is directed to call 
the attention of all deans of agricultural colleges and superintendents 
of official testing to this recommendation of the American Dairy Science 
Association. 

In addition the committee recommends that after these matters are 
considered and acted upon, a general discussion be held of other matters 
coiK^erning offi(;ial testing. 

Eckles moved that the recommendations of the committee 
on relation to breed associations be adopted as read. Seconded. 

Discussion followed. 

Eckles called attention to the action taken by this Asso- 
ciation in 1914 defining the relation of the colleges and breed 
associations regarding testing which is set forth on pages 4 and 
5 of the printed report of committee on relation to breed asso- 
ciations and is as follows : 

It is not the province of the agricultural colleges to undertake to 
control in any way the rules and requirements for advanced registry 
adopted by the several breed associations. The interest of the col- 
leges in this matter is purely an advisory one. 

Insomuch as the colleges are called upon to conduct the tests for 
advanced registry and to stand responsible for the accuracy of the 
results repoited it is their right to foiTnulate the rules governing the 
(‘onduct of the tests and the work of the supervisors. The relation of 
the breed associations to this work is only an advisory one. 

He also called attention to a recent change in the rules of the 
American Jersey Cattle Club governing the supervision of 
register of merit tests, regarding the number of cows to be super- 
vised at one time. 

Relative to financing oflScial testing, the committee suggests 
that the breed associations carry the burden. 

Attention was called to the fact that in some states there is 
dissatisfaction brought about through the acceptance of cow 
test association records in neighboring states. 
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At this point Mr. H. E. Van Norman requested the body 
to consider whether or not it would be desirable for the dairy 
interests to take the initiative in holding a world’s dairy congress 
in this country for the consideration of all phases of the dairy 
industry: the expenses to he pjovided for by Congress and the 
dairy industry. 

It was moved that this Hection concur in making this matter 
a special order of business for the evening meeting of the Ameri- 
can Daily Science Association as a whole. Carried. 

The meeting proceeded to further discussion of the recom- 
mendations of the committee. 

Regan of New Jersey suggested that a definite stand should 
be taken against the action of the American Jersey Cattle Club 
in sending a check supervisor into a state without the consent 
of the college, and also that the colleges should oppose the change 
in their rules regarding the number of cows to be m ilked at one 
time. The colleges should insist that the American Jersey 
Cattle Club recognize the superintendent of official testing as 
the man who has control of official testing in the state when it 
comes to rules that directly affect the authentication of the 
test. 

Fohrman of Minnesota recommends that the American Jersey 
Cattle Club be requested to change their rules governing the 
supervision of the test to conform to those of the American 
Dairy Science Association. 

Fitch of Kansas expressed the same sentiments. 

Regan inquired as to what method would be used to put the 
matter up to the American Jersey Cattle Club. 

Eckles said this matter would be handled by the committee 
on relation to breed associations. 

WoU of California agrees that the superintendents should be 
in absolute control of the tests, but the matter of preliminary 
milkii^ should be left to the breed associations. 

Regan inquired how many other states besides California 
were varyii^ from the American Dairy Science Association rules. 

Indiana: No preliminary milking required. 

CaJifomia: No preliminary milking required and breeders 
allowed to milk two cows at a time. 
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Washington: No preliminary milking required. 

Tennessee: No preliminary required on Jerseys. 

Arkansas: No preliminary required. 

North Dakota : No preliminary required. 

Ohio: The superintendent uses his discretion regarding 
preliminaries. 

Idaho: Follow rules of breed associations on preliminaries. 

Iowa: The superintendent uses his discretion regarding 
preliminaries. 

Regan suggested that the colleges agree unanimously to follow 
the rules of the American Dairy Science Association, and that 
if these rules need revision, proper action be taken. 

Fuller of New Hampshire recommends that all Stations adopt 
the uniform rules of the American Dairy Science Association. 

Erf of Ohio suggests a conference between representatives 
of the colleges and breed associations. All colleges should agree 
to one general plan of action, and if a meeting of the breed 
associations could be called and the matter laid before them, 
they would all adopt these rules. 

Ragsdale moved that the original motion be amended and 
that the first recommendation of the committee be approved as 
read. Motion carried. 

The second recommendation of the committee on relation 
to breed associations was taken up for consideration. 

Recommendation read by the secretary. 

Motion made by Regan of New Jersey that the second recom- 
mendation be adopted as read. Seconded. 

Discussion of plans for financing official testing. 

Fohrman briefly outlined a plan which had been discussed at 
a meeting of representatives of the breed associations of having 
a committee in each state composed of representatives of each 
breed to lobby for an appropriation by the state legislatures of 
a sufficient fund to be used as a revolving fund to finance the 
official testing in the various states. 

Davis suggested a regional plan for supervising official testing, 
the work to be subsidized by all breed associations with a super- 
intendent in charge of each region, to consist of a single state 
or group of states, according to the volume of business. 
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Fuller raised the question, “is advanced registry testing edu- 
cational or commercial.” 

Regan replied that in Nevada he considered it educational 
but in New Jersey commercial. 

Eckles stated that the deans of some of the colleges are asking 
if official testing is a college function. 

Fitch said that during his ten years in Kansas he considered 
official testing educational for the first six or seven commercial 
for the last three or four. 

Erf of Ohio advised that when no funds were available to take 
care of official testing bills in his state the breed associations 
brought pressure t o bear on the legislature to provide necessary 
funds. 

Davis feels that the breed associations should assume more 
financial responsibility for official testing and should be compelled 
to do so. 

Motion to adopt the second recommendation of the committee 
was carried. 

The third recommendation of the committee was read by 
Chairman Eckles and discussion opened. 

Erf of Ohio, outlining the work as carried on in his state, said 
that all supervisors are civil service men and must pass an exami- 
nation. When a cow test association employs a civil service man 
he has the right to devote part of his time to official test work. 
It is not a combination of official and cow test association, but 
the same man is used for both, i)rovided the cow test association 
will employ a civil service man. Ohio does not authenticate 
cow test association reports as official. 

Davis of Idaho said that with one exception all testing in his 
state was carried on through cow test associations. This allows 
men to do official testing work in widely scattered communities. 
Every cow' tester is approved by the man in charge of official 
testing and required to pass an examination on official testing. 
The time he devotes to official testing he is in the employ of the 
college and paid by the college and responsible to the college. 
Men are changed from one association to another. Colleges 
have reserved the right to see that three different men supervise 
work during the year. 
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Fuller reported that New Hampshire has a shuilar arrangement 
to that of Idaho. 

Rabild stated that while the supervision of official testing is 
entirely in the hands of the colleges, it will help cow test asso- 
ciation work if such combinations are permitted. 

Moved and seconded that the third recommendation of the 
committee be adopted. Carried. 

Moved and seconded that the recommendations adopted be 
adopted entire. Carried unanimously. 

Motion made by Regan that any superintendent of official 
testing that finds a herdsman or supervisor who is dishonest 
should report that fact at least to adjoining states and to the 
superintendents of the various breed associations, with request 
that they report to parties in any state who may be interested. 
Seconded and carried. 

Gamble of Maryland moved that the secretary gather informa- 
tion in regard to charges for official testing, pay of supervisors 
in the different states, etc., and submit this information to the 
various colleges. Motion seconded and carried. 

Erf of Ohio suggests that the fetate breed associations appoint 
one man each to select a superintendent of official testing who 
would have charge of the supervisors of the state and vouch for 
the records. 

It was moved that the suggestion be made on the reports of 
the committee to the breed associations that they adopt a uni- 
form blank for reporting official tests. Seconded and carried. 

A general discussion was held of topics of interest to superin- 
tendents of official testing and parties coimected with test work 
at the colleges. There were exchanges of ideas and experiences, 
and suggestions for improving the work. 

Adjournment followed. 

M. H. Fohbman, 
Secretary. 
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Uh‘ following i1( ‘'CfilK-s \rry v ividly condition? said to maintain 

in lliinaarv at lids iiinr 1 Ihoimlit ]K)ssihly some of llio uiombers of 
th(‘ An)(‘ri(‘an l)airy Sciotkm' Asso^-iaiinn woidd find it possilile to give 
assist iuh‘(‘ of kind ot' anoliaa', and I am therefore publishing the 

l(‘1 ter in full 

J. H. Frandsen, 

Ed i ior-m-Ch i <?/. 

M. Kir. Pi MKisiiRLirn Aij.om\s. 

To tile 

-1 virriaiH ])a irif Srirfirr . I ,^^ociatfon : 

Sir! 

Tlu' pr(‘S(mt eoiiditiun and i]«<‘ fuiure of the Hungarian seientifieal 
institutions as ^^e]l as (d‘ the Iboal Huiigaiian Dairy lOxperiment Sta- 
tion is ])ei‘haps > on ktaw it ('\tivin«‘]\ d(*^o]a1e. TlRMitensils necessary 
to scumtitical r('^t*ar(‘hes, our elHunn-als, Ixioks and periodicals arc 
mostly of foKugn origin and can not in- bouglil nor repaired in eonse- 
f|U('nc(^ of the low state' (d* the' hnancial staialard and iiecause the reve- 
nue's of the i\xperiinent Station ari’ very small. We are pre\ented to 
r(‘ad foreign journals and to learn au> thing about the ]>rogrcss of mod- 
ern science. The llung.irian state iiecame poor and unable to raise our 
income accfirding to tin' pri'M'nt immoderati' prices. Our station re- 
c(*iv('s for its purpose's no inori' than Id, 000 crowns yearly; from this 
small sum wv are to i>ay also our employees, from this we must provide 
fo]‘ heating, lighting, for the nMndriMuents of the laboratories. To do 
all this is (juitc* im])os.-ibl('. 

B(*sidt'1hai the Dairy Kxperiment Siation has been entirely knocked 
down by the ibiumanian invasion. In the year 1019 at spring time it 
was transferred to the (‘nvirons of Budapest in order to accomplish bet- 
ter its scientitical aims, ddie fittings (d tli<' laboratory were not as yet 
uniiacked wlu'ii the Houmanian invaders canu' in our country and took 
all we have had with tlu^ only exce])tion of the furniture and of the 
library. We w('re obligtal to return to Magyarovar completely de- 
spoiled by the plunder. W(‘ have lost all the chemical and bacteriolog- 
ical utensils of the laboratory and ])artly our apparatuses. 

By this (h'privation the Station became lame. Without kind help we 
are for long time excluded from every seientifieal progress, we have 
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taken part of before tlic war as demonstrated by some subjoined prints 
of our scientifical records. Old merry Hungary exists no more rent 
into pio(;es, im])ortarit dairy distri(*t,s point of view are given to the 
surrounding nations. In consequence thereof the support of tlu* Sta- 
tion granted by the state grew’ insignificant. 

Notwithstanding we desire to wa)rk, we desire to be useful in science. 
But wh(‘reof may vve want for helj)? To wiiom may we apply? It is 
sorry, wo want the support of foreign countries, because we have noth- 
ing. Th(' generous people of the United States of America has done 
very much good for our country and for our people while the war en- 
dured it can help us easily. The low value of the Hungarian crown 
makes it possible that a comparatively small sum of your grew’ to a 
very important one when taken in our value. 

We recjuest of your benevolence, in name of the Royal Hungarian 
Dairy Kxperirnent Station to take your part in supporting our scien- 
tifical in(}uirics relating dairy. Your help might consist either in finan- 
cial aid or in sendirig utensils required to experiments, in prints of the 
American experiment Stations journals, newspapers, new books related 
to dairying. To avoid the eventual receipt of materials unwished for 
it w^as advisable to comrnuiiic^ate our needs to you. 

We recommend once more our petition to your benevolence. 

Respectfully, 

Royal Hungauian Dairy Experiment Station’, 

M. Kor. Tejkiserleti Allomas. 

Magyarovar. 



THE INFLUENCE OF CALCIUM AND PHOSPHORUS IN 
THE FEED ON THE MILK YIELD OF 
DAIRY COWS 

EDWARD B. MEIGS and T. E. WOODWARD 

From the Research Laboratories of the Dairy Division^ Bureau of Animal Industry ^ 
United States Department of Agriculture, W ashington, D, C. 

Opportunities for observing the effects of food on milk secre- 
tion have been rather favorable on the United States Experi- 
mental Farm at Beltsville, Maryland, where the authors are 
stationed. There has been maintained here since 1912 a herd 
of from 50 to 100 cows, some of which are pure bred Guernseys, 
Jerseys, and Holsteins; and some, grades. Daily records have 
been kept of the milk yields throughout, and yearly records of the 
amounts of food consumed up to 1918. Since 1918, monthly or 
daily records of the rations have been kept. The fat has been 
determined in the milk of each cow once a month, and from the 
results so obtained the monthly and yearly yields of fat have 
been calculated. The foods chiefly used have been com meal, 
wheat bran, cottonseed meal, linseed meal; alfalfa and other 
legume hays; and corn silage and stover. Most of the cows have 
had a little pasture in the summer, but not enough to make up 
any considerable proportion of the total amount of food eaten 
in the year. 

The aim has been to feed the cows as much protein as is 
required by the most hberal of the American feeding standards, 
to keep them in good condition, to have them calve once a year, 
and to have them dry for six or eight weeks each year before 
calving. It has generally happened in practice that the cows 
were fed a little less liberally than is demanded by the Savage 
and Eckles standards (1) for the first two or three months after 
calving, and a little more liberally later. When they were dry, 
they were usually fed 4 pounds of grain B,* 4 pounds of legume 
hay, and as much silage as they w’ould clean up. When the hay 

* See table 1, Grain mixtures used in experiments, 
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was alfalfa, and the amount of silage eaten daily 30 pounds, 
which was the most usual state of things, this ration provided 
1.29 pounds of digestible crude protein and 10.29 pounds of total 
digestible nutriment daily. After subtracting the maintenance 
requirement for a 1000-pound cow, this would allow 0.59 pound 
protein and 2.37 pounds total nutriment daily for the growth of 
the unborn calf, which, according to the results obtained by 
Eckles (2), ought to be sufficient. 

We have recently calculated the protein and total nutriment 
in the yearly rations of a number of cows from the general herd 
and have compared these quantities with those required for their 
maintenance and for their milk and fat yield according to the 
Savage standard. The results have shown that the cows usually 
received rations a little more liberal than those demanded by 
this standard. 

During the last two years a mmiber of the pure bred Holsteins 
have been run on official test. In order to increase their milk 
yield, their rations were made decidedly more liberal than those 
called for by any of the feeding standards. During the time that 
they were milking they received daily about 12 pounds of alfalfa 
hay, 20 pounds of com silage, and as much grain as they could 
clean up without getting sick; they usually ate 18 to 20 pounds 
a day of grain F. They were fed heavily also before their calves 
were born. For sixty days or more before calving they usually 
received about 15 pounds of grain F, 12 pounds of alfalfa hay 
and 25 pounds of com silage. This ration contains approxi- 
mately 4 times as much protein and two and one-half times as 
much total nutriment as the routine ration fed to the dry cows 
of the general herd. 

The test cows gave from 15,000 to 20,000 pounds of milk in 
the year, that is, three to four times as much as most of the cows 
in the general herd. A part -of this larger yield is due to the fact 
that the test cows were better bred, but a part is also due to t^ie 
larger quantity of feed that they obtained. How much of the 
increased milk yield ought to be attributed to each of these 
factors is a question of great practical interest. 
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The cycle of lactation consists of two phases which may be 
called the preparatory and the active phases. Considerable 
changes go on in the udder of a cow for some time before her 
calf is bom, and usually make themselves manifest by an increase 
in size and congestion of the organ. There is no doubt that the 
amount of the subsequent milk yield is largely dependent on 
these changes, and it is highly iirobable that the changes them- 
selves are dependent (Hi the state of nutrition in which the animal 
happens to be for the few weeks before her calf is bom. 

It is well known that animals are capable of storing up large 
quantities of nutritive material in their bodies in times of plenty 
and using these stores in times of stress. The effect of food on 
milk secretion may, therefore, often be long delayed and rather 
complicated. It is not at all impossible that the effects of a 
deficient ration supplied in one lactation period may not show 
themselves until the subsequent period or even later. 

Figures 1 and 2 give graphically the histories of two cows which 
were brought to the Beltsville farm some years ago, and fed and 
treated according to the usual routine. The milk 3 delds fell off 
very noticeably during the routine treatment. After several 
years of the routine treatment, no. 17 was given an unusually 
long dry period before calving, and no. 201 a more liberal ration 
for some weeks before calving. In both cases the subsequent 
milk yields were markedly increased. 

The increases in the milk yields are to be attributed in the one 
case to the more liberal ration supplied before the calf was bom; 
and in the other case to the long dry period with a super-main- 
tenance ration. The rations fed after calving bore about the 
same relation to the milk yields as they had in previous years. 
It may be added that the milk yield for the first few weeks of 
lactation is not very closely dependent on the contemporaneous 
food supply (10). 

The course of events illustrated by the cases of cows 17 and 
201 is not exceptional, but typical. Several other similar his- 
tories could be presented. Indeed, it has been the regular rule 
on this farm that greatly increased milk yields were obtained 
when cows from the general herd were dried off two months or 
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HUNDRED P0UND5 OP MILK 

Fig 1. The Influence on the Length op the Dry Period on the Subsequent 
Milk Yield in the Case op Cow 17 

The colximns represent the pounds of milk given in the first clear calendar 
month after calving in the years indicated. Before calving in the years 1914 to 
1917 inclusive, this animal was fed the routine ration devised for the dry cows 
at Beltsville; her dry periods averaged 44 days. Before calving in December, 
1918, she was given a dry period of 122 days and fed approximately as in her 
previous dry periods. See p. 199. 


— * 

Eifini 


HUNPIIED POUIIPf or MILK 

Fig. 2. The Influence of the Length op the Dry Period and op the Ration 
Fed During That Period on the Subsequent Milk Yield in the 
Case of Cow 201 


The columns represent the pounds of milk given in the first clear calendar month 
after calving in the years indicated. Before calving in the years 1914 to 1917 
inclusive, this animal was fed the routine ration devised for the dry cows at 
Beltsville; her dry periods averaged 60 days. Before calving in December, 1918, 
she was given a dry period of 78 days, and during the last 40 days of this period 
was fed a much more liberal ration than the previous one. See p. 201. 
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more before they were due to calve, and fed liberally during this 
period. Cows 17 and 201 were selected as examples, not because 
the downhill course of the milk yields on the routine treatment 
were particularly rapid; or the subsequent recoveries, particularly 
marked; but simply because they have been freer from disease 
and from disturbing experiments during their stay at Beltsville 
than the other examples which might have been selected. It 
is, therefore, a very moderate statement of the case to say that 
average and high producing cows are often,® not kept up to any- 
thing like their optimum milk yield when they are bred to calve 
once a year and fed for several years approximately according to 
the most liberal of the American feeding standards, even though 
they may get a little pasture in addition. Under this treatment 
the milk yield may often be reduced, after a few years, to less 
than half the optimum ; and, after it has been so reduced, it may 
be very greatly increased by liberal feeding during a two months’ 
dry period. A point of great interest to be noted in the history 
of cow 201 is the length of time which it took for the full effects 
of the routine method of feeding to become apparent. The milk 
yield did not reach its lowest point until she had been on the farm 
for four years. 

THE NATURE OP THE DEFICIENCY IN THE ROUTINE RATIONS FED 

AT BELTOVILLE 

It is not improbable that the rations fed at Beltsville were 
not generally deficient, but deficient only in one or a few particu- 
lar constituents necessary for milk secretion. The cows were 
kept in good general condition, which seems to indicate that 
they received enough of the energy yielding portion of the ration. 
The recent very interesting work of Forbes (3) indicates that 
liberally milking cows may often receive insufficient calcium and 
phosphorus in their rations; the further experiments which we 

* Our evidence shows only that cows are not kept up to their optimum milk 
yield when fed the protein and total nutriment required by the standards in 
the form of the amounts of grain, hay, and silage used on the Beltsville farm. 
The reader must judge for himself how closely this method of feeding approaches 
what is typical throughout the country. 
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have to report were directed toward throwing more light on this 
question. 

There is little doubt that a cow’s milk yield is markedly influ- 
enced by the nutriment which she receives during the six or 
eight weeks before her calf is born. The experiments to be 
reported have, therefore, been confined to the influence of the 
ration fed during this period on the subsequent milk yield; and, 
for the reasons given below, the phosphorus fed during the dry 
period has been varied rather than the calcium. 

i'he results of certain metabolism experiments in which the 
calcium and phosphorus balances have been followed — particu- 
larly those of Forbes (.3) and Hart (4) — seem to show that 
calcium and phosphorus metabolism are largely independent of 
each other. But in these experiments the calcium and phos- 
phorus balances have not been followed for more than twenty 
days successively. There is no reason to doubt the figures that 
have actually been obtained, and it is very likely that a cow may 
lose 200 or 300 grams of calcium while remaining in phosphorus 
equilibrium. But it is doubtful w'hether the metabolic independ- 
ence of the two elements ever goes much further than this. In 
a recently published article this question has been discussed in 
some detail, and it has been pointed out that the weight of evi- 
dence obtained from carcase analyses is strongly against the view 
either that the ratio Ca:P in bone is subject to more than very 
small variations or that the concentration of either of these 
elements contained in any of the soft tissues undergoes more 
than insignificant changes. Evidence was also adduced to 
indicate that calcium assimilation in cows is likely to be seriously 
interfered with for a period of at least eight days by the mere 
collection of their urine and feces by attendants as practiced in 
the experiments of Forbes, of Hart, and of ourselves (5). 

It is likely, therefore, that any considerable deficiency of 
either calcium or phosphorus in the rations of a milking cow will 
bring about the loss of both elements from the animals’ bones 
if continued for more than two or three weeks, and that a cow 
which has suffered from the lack of either during any considerable 
part of her lactation period will find herself depleted in both 
when she reaches the end of that period. 
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In recently published articles from this laboratory (0) it has been 
shown that the phosphorus content of the blood plasma of cows 
is highly variable, and that it is likely to be low in the plasma 
of the Beltsville cows toward the (md of their periods of preg- 
nancy. This suggests that the cows of the Beltsville herd usually 
reach the end of their lactation periods with tbeir phosphorus 
stores dejdeted, and that the rations fed during the dry period 
are not sufficient to reston* them. For the reasons which have 
been given above, it is likely that the calcium stores of the 
Beltsville cows are also dei^Ieted during their lactation periods; 
and that neither the calcium imr the phosphorus stores can be 
restored to their i)roper level during the dry period, unless the 
coAvs are fed rations which make it possible for them to assimilate 
liberal (juantities of both elements. 

In the articles from this laboratory above referred to, certain 
other facts regarding calcium and phosphorus metabolism Avere 
brought to light. It Avas shoAvn that the concentration of calcium 
in cows’ blood plasma is much more constant than that of phos- 
phorus. It is usually easy to raise the concentration of plasma 
phosphorus by increasing the amount of phosphorus in the rations 
— either by feeding more grain or by adding sodium phosphate 
to the ration. But the changes brought about in the concentra- 
tion of plasma calcium by analogous procedures, or by any other 
influences that Ave have encountered so far, are comparatiA'ely 
insignificant, and usually fall Avithin the limits of error of our 
determinations. 

It has seemed likely, therefore, that changing the amount of 
phosphorus in the ration Avould haA'e more immediate and easily 
determinable effects on the changes Avhich go on in a cow’s 
udder shortly before her calf is born, than changing the amount 
of calcium. The experiments to be reported Avere planned Avith 
this idea in mind. But it Avas essential that both the control 
and the experimental animals s4iould have plenty of calcium in 
their rations and they, therefore, all received alfalfa hay in 
quantities which it was hoped Avould provide sufficient calcium 
for their needs. The details of the experimental procedure and 
the results obtained are given in the description and tables at 
the end of the article. 



192 EDWARD B. MEIGS AND T, E. WOODWARD 

The experiments consisted essentially in drying cows off about 
sixty days before they were due to calve; in feeding some of them 
(the controls) a certain basal ration; in feeding the others (the 
experiments) the same basal ration, but with the grain and hay 
fed on alternate days’ and with sodium phosphate added to the 
grain; and in following the milk yields from the tenth to the 
fortieth day after calving. 

Some of the animals used in the experiments were from the 
general herd, and had previously been fed approximately accord- 
ing to the Savage feeding standard. Others had been on test 
during the year preceding the experiments, and had been fed 
much more liberally. In the case of the animals from the general 
herd (tables 2 and 3) the alternated feeding with phosphate had 
a very favorable influence on the subsequent milk yield; in the 
case of those which had been on test (table 4), the effect was 
insignificant. This indicates that the rations fed to the general 
herd were deficient in one or both of the principal bone-building 
elements. 

The results show that the eff^t of the alternated feeding with 
phosphate on the subsequent milk yield will depend on the 
previous history of the cows studied as well as on the amount 
of phosphorus contained in the basal ration. It follows that 
the quantitative results of the experiments are significant only 
for the special conditions under which they were carried out. 
They might be entirely different in a herd whose previous history 
had been different, or with a basal ration which contained a differ- 
ent amount of phosphorus. 

The attempt has been made, however, to get an approximately 
quantitative idea of the increase in milk yield produced by the 
phosphate feeding under the conditions of experimentation used 
with the cows of the general herd. For this purpose only those 
animals have been considered which figure both as controls and 
experiments, and whose histories are given in table 2. The 
method and results used in this attempt are given in table 9 
with its appended comment and in figure 3. The animals gave, 


• See description of experiments, p. 203. 




Fig . 3. Comparison op Milk Yields of Grade Cows from the General Herd 
After Control and Phosphate Feeding 

The columns show the amounts of milk given in 30 davs soon after calving; 
the lighter portions of the columns show the amounts of milk to be expected after 
the phosphate feeding, using the yields after the control feeding as a basis, and 
taking into account tlie facts that the animals were generally older during the 
experimental feeding, and that some of them aborted. See pp. 208-210 and p. 215. 


preceding dry period. But certain other aspects of the effects 
produced by this treatment have also been studied. 

Both the animals on the experimental feeding and those used 
as controls were weighed from time to time. We do not wish 
to lay too much stress on the results obtained, because the man- 
ner in which an animal gains weight in the period of a month 
or so before it calves depends almost as much on its previous 
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history as on the ration fed at the time. The results in question 
are given in the description of the experiments, pp. 212 to 215, 
and in tables 5, G, 7, and 8. They are rather irregular, but 
indicate, on the whole, that the animals on alternated feeding 
with phosphate made somewhat better gains than the controls. 

In a previous publication from this laboratory (5), a balance 
experiment was described in which the animals received alter- 
nated rations with phosphate for a part of the time. The 
alternated feeding with phosphate had no perceptible effect on 
the amount of urine or feces voided or on the water content or 
consistency of the feces. 

We have the impression that the increase in size of the udder 
which occurs before calving has generally appeared earher and 
has been more marked in the animals which have received the 
phosphate than in the controls. There have, however, been 
exceptions to this rule, and we do not feel inclined to insist 
very strongly upon it. We reahze keenly the difficulty of judg- 
ing accurately in such a case where no exact measurements are 
taken. 


DISCUSSION 

Our results indicate that the milk yield of the general herd 
at Beltsville has been reduced by an insufficiency either of 
calcium, of phosphorus, or of both in the rations, in spite of the 
facts that these contained more than the average proportions 
of both calcium and phosphorus and were fed in the amounts 
required according to the feeding standards. We think it is 
still an open question whether calcium or phosphorus has been 
the element chiefly lacking, and whether the rations could be 
improved from the standpoint of mineral nutrition by varying 
the proportions of the different feeds used. Work aimed to 
throw light on these probleftis is now being carried out here. 
In the mean time, however, it seems worth while to consider 
the results in so far as they indicate what ought to be done with 
the knowledge abeady at hand. 

Table 2 contains the cases where a cow’s record after the 
phosphate feeding is compared with a previous record of her 
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own made after a period on the basal ration. It will be noted 
that in most of these cases the basal ration was fed before the 
first calf was born. The results as given in this particular table, 
therefore, are chiefly evidence for the view that the heifers 
received insufficient calcium or phosphorus in the rations supplied 
to them before they had their first calves. 

We believe that this was the case and we shall later discuss 
the rations supplied to the heifers which had never had calves. 
But the records for the general herd indicate that, under the 
Beltsville routine, the animals never recovered from the mineral 
shortage which made itself evident in the first lactation period. 

The evidence from the records which indicates this may be 
summed up as follows: In the case of the animals bom at Belts- 
ville and kept under the routine treatment there was no tendency 
for the milk yield to rise after the first lactation period to the 
extent that it did in the cases of nos. 54, 63, 71 and 81, shown in 
table 2. The rise as between the first and subsequent lactation 
periods was approximately that which would be expected from 
the data collected by Pearl and Patterson (7), and by the Hol- 
stein and Guernsey breeding associations. In the case of animals 
brought to the farm from other places and kept under the routine 
treatment, there was frequently a tendency for the milk yield 
to fall off more rapidly than it should with advancing age, as 
in the cases of cows 17 and 201, figures 1 and 2. 

As many of the cows which received the alternated rations 
with phosphate received a basal ration somewhat lower than 
that fed to the general herd during their dry periods, it is not 
tmfair to compare the milk yields of these two sets of animals. 
Cows 49, 54, 71 and 81 may be taken as representing the effects 
of the phosphate feeding in the case of grade Guernseys. In a 
period of thirty days soon after calving, these animals gave 
1009 pounds of milk on the average. Their records may be 
compared with those of the other grade Guernseys of the herd, 
selecting lactation periods later than the first and in which there 
was no suspicion of abortion or other disturbing disease, and 
using the best month’s milk yield in each lactation period as the 
figure to be compared with that given above. There are four 
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animals with a total of eight lactation periods available for the 
comparison, and the average best month’s milk in the eight 
lactation periods was 660 pounds. As the grade Ouernseys 
available for this comparison were, rather few, the same calcula- 
tion was made for the grade Jerseys. There are 16 animals with 
52 lactation periods available in this case. The average best 
month’s milk is 722 pounds. The grade Holsteins are not 
sufficiently numerous to give figures of any value. 

No cow^ among the grade Jerseys and Guernseys of the general 
herd has ever surpassed the thirty day record of cow' 71. In 
only one case has the average thirty day record given for cows 
49, 54, 71 and 81 after the phosphate feeding, been surpassed, 
namely, with a best month’s milk yield of 1041 pounds given by 
one of the grade Jerseys. In only five cases has the lowest 
thirty-day record among these four cows been surpassed, namely, 
by best month’s milk yields of 1041, 988, 987, 1004 and 94.3 
pounds respectively. 

The results show, therefore, that the cows of the general herd 
at Beltsville suffered from an insufficiency of either calcium or 
phosphorus or both in their rations throughout their lives, both 
before their first calves were bom and afterward. The following 
shows how they were fed, a little more in detail than has been 
done heretofore. 

The young stock generally received milk until they were six 
months old or more. The feeding of grain, hay and silage, how- 
ever, was started before the end of the first month and gradually 
increasing quantities of these foods w'ere given until, at the end 
of six months the calves were taking 3 pounds of grain, 3 pounds 
of legume hay and 10 to 20 pounds of com silage. After they 
were taken off milk, the calves were usually fed 3 pounds of 
grain, 3 pounds of legume hay and as much corn silage as they 
would clean up. The grain most used was grain E (see table 1). 
If they ate 25 pounds of com silage daily which may be taken 
as a fair average, this ration would supply 0.94 pound digestible 
protein daily and 8.16 pounds total digestible nutriment. This 
is approximately the protein requirement given in the Wolff- 
Lehmann feeding standards for growing dairy cattle, and some- 
what more than the requirement for total nutriment (8). 
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I'he manner in whicli the cows were fed and treated after their 
first calves w<;re born, and subsequently, has already been dis- 
cussed at some lengt-h (pp. 185 to 189). It is only necessary to 
add a word about the actual amounts of grain, hay and silage 
given. The manner in which Ihe mature dry cows were fed 
has already b(*cn given (j). 185). The mature milking cows were 
generally fed 1 pound of grain B or C, to 3 pounds of milk, 6 
or 8 jiounds of legume hay, and as much corn silage as they 
w'ould clean up. They usually gave about 25 pounds of milk 
a day when they were fresh, and, at this period they commonly 
got 8 pounds of grain B, 8 pounds of legume hay and 30 pounds 
of corn silage. 3'hey usually got a little thin with the progress 
of their lactation, and w(!re then hnl somewhat mon* grain in 
proportion to the milk yit'ld. In the (“ourse of the year, as has 
already been stated, they got a little more j)rot('in and total 
nutriment than is re<iuired by the Eckles or Savage feeding 
standards. 

'J'he bone-building elements can probably be supplied in suffi- 
cient (luantity in two different ways — either by feeding the ordi- 
nary materials much more liberally than the feeding standards 
re<)[uire or by adding calcium and phosphorus in the form of 
inorganic salts directly to the rations. We have entire confidence 
that the latter method will finally be adopted and will effect a 
great saving in the cost of jiroducing milk. 

But so radical a change in feeding practice ought perhajis to 
be introduced slowly and with caution; the more conservative 
dairymen will probably prefer to keej) to the ordinary farm feeds 
until the effects of feeding inorganic salts of calcium and phos- 
phorus have been more fully worked out by the experiment 
stations. 

Our experience at Beltsville indicates that with many cows 
a liberal ration fed for four to six w'eeks before calving easily 
pays for itself through the increased flow' of milk in the subsequent 
lactation period, and we think that there are many cows through- 
out the country which are far more valuable than their owmers 
suppose them to be. Those dairymen who have been feeding 
their animals according to the standards or less, should try out 
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their herds by giving each cow a period of two months dry and 
feeding her during that period three or four times the protein 
and two or three times the total nutriment required for main- 
tenance, using feeds which contain plenty of calcium and phos- 
phorus — legume hay and a liberal proportion of bran and cotton- 
seed or linseed meal. If they find that the milk yield of any 
of their cows is doubled by this process, they will run no risk 
of reducing their profits by feeding those cows even 50 per cent 
more nutriment in the course of the year than the feeding stand- 
ards call for.^ 

There is one other aspect of the case which must be discussed. 
Quite apart from the question of the feed cost per pound of milk 
when a cow’s yield is reduced by feeding her a ration deficient 
in one or more necessary constituents is the question of the effect 
of this process on her capacity to resist disease. The Beltsville 
herd has suffered severely in the last three years from contagious 
abortion. The relation between the incidence of this disease 
and the manner in ivhich the cows have been fed is being carefully 
studied at present, and the results of this study will be reported 
later. The results already obtained, however, are sufficient to 
justify a strong suspicion that abortion has occurred more fre- 
quently among the animals that were less adequately fed. But, 
whatever the final results of this study may be, it is obviously 
bad practice to allow a cow to deplete her body stores of impor- 
tant materials for long periods of time, even though milk may 
thereby be temporarily more economically produced. The ideal 
method is clearly to keep the yearly supply of raw materials in 
the food equal to the demand for milk production. 


* Feeding cows heavily before they calve, of course, introduces the risk of milk 
fever. But if this disease is properly treated, the mortality is not high, and there 
are no enduring bad effects. A well run dairy should be equipped for dealing 
with milk fever. Our experience at Beltsville shows that the risk even of the 
appearance of the disease is not very great. In the last five years there have 
been something over 30 cases of cows fed two to four times the maintenance 
requirement of protein and total nutriment before they calved, and milk fever 
has appeared only twice. One of these cases was in a young cow, but was mild; 
the other was in a cow 15 years old. 
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SUMMABY 

1. Feeding cows for several years according to the commonly 
accepted standards with little or no additional pasture, may 
result in their milk yield being reduced much below the optimum. 
The condition of reduced milk yield so brought about may be 
corrected by giving the animal a dry period of two months, and 
feeding during that period a ration containing legume hay and 
grain with a high phosphorus content and with three or four 
times the amount of protein retjuired for maintenance, and two 
or three times the total nutriment. The milk yield in the sub- 
seiiuent lactation period may sometimes be doubled by this 
treatment. 

2. In the case of cows of which the milk yield has been reduced 
by several years’ standard feeding, a greatly increased yield can 
be brought about by feeding “alternated rations with i)hosphate” 
during the dry period. This is taken to mean that the ordinary 
rations are more likely to be deficient in one or both of the 
principal bone-building elements than in any other constituent. 

In conclusion we wi.sh to acknowledge the valuable ser\'ices 
of Messrs. II. .1. Nedrow, H. T. Converse, and W. E. Benscoter. 
Messrs. Nedrow and C’onversc were the herdsmen at the Belts- 
ville farm during the period when the experiments were carried 
out and supervised the feeding and care of the experimental 
animals. Mr. Benscoter was responsible for the feeding in a 
number of cases, and carried out this part of the work with 
unusual care and accuracy. 

DESCBIPTION OF EXPEBIMENTS 

Results showing the effects on milk yield of liberal feeding during the dry 

■period 

Caw 17. This animal was a grade Jersey bom in 1909 and brought 
to Beltsville in 1912. The protein and total nutriment contained in 
her rations during the years 1914, 1915, 1916 and 1917 were calculated 
and compared with the quantities required for her maintenance and 
for her milk and fat yield according to the Savage standard (9), and it 
was found that she received on the average a surplus of about 10 per 
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cent of protein and of about 2 per cent total nutriment. It may be 
considered, therefore, that she was fed as nearly according to this 

TABLE 1 


Grain mixtures used in experiments* 


GRAIN A 

GRAIN B 

pounds 

Corn meal 45 

Wheat bran 30 

Cottonseed meal 18 

NaCl . .... 1 

pounds 

Corn meal 40 

Wheat bran 40 

Cottonseed meal 20 

NaC’l 1 



GRAIN r 

GRAIN CP 

Corn and cob meal 45 j 

Wheat bran 30 

Cottonseed meal 18 

NaCl 1 

Grain C 100 

Na2HP04 ViHjO 11 

GRAIN OPi 

GRAIN eVt 

Grain C . . 100 

NadlPlb I 2 H 2 O 10 

Crain C 100 

Na3nP04 121120 6 

GRAIN D 

GRAIN DP 

Hominy grits 45 

Ground oats 36 

Cottonseed meal 18 

NaCl 1 

Oram D 100 

Na2HP04 I 2 H 2 O 19 

GRAIN K 

GRAIN P 

Corn and cob meal 55 

Wheat !)ran 30 

Linseed meal 15 

NaCl 1 

Ground oats 28 

Linseed meal 20 

Cottonseed meal 10 

Gluten feed 14 


Hominy feed 14 

Wheat bran 14 

NaCl 1 


♦ The cottonseed and linseed meal used in these mixtures were meals from 
which the fat had been extracted by the old process: heat and pressure without 
solvents. 


standard as is possible under any ordinary conditions. She was on 
pasture for only 7 days during the four years under consideration. 
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She had a calf toward the end of the summer of each year; the 1917 
calf w^as born six weeks ahead of time, but it survived, and is still alive 
and well (June, 1920). The other throe calves were all born normally. 
Her dry periods were 44 days on the average. 

In 1914, she gave 5709 pounds of milk; in 1915, 5121 pounds; in 1916, 
5056 pounds; in 1917, 4693 pounds; and in 1918, 2569 pounds,^ In 
1918, she was given a dry period of 122 days, with approximately the 
same ration as in previous dry periods. She calved December 11, 1918, 
and her milk yield for 1919 rose to 5578 pounds. 

During her dry periods in 1914, 1915 and 1917, she was fed 4 pounds 
of grain B, 4 pounds of legume hay. and 30 to 35 pounds of corn silage. 
During her dry period in 1916, she received 4 pounds of grain B, 3 
pounds of oat hay, 28 pounds of corn silage, and had 7 days on pasture. 
During the last 53 days of her 1918 dry period she was fed 4 pounds of 
grain C, 4 pounds of legume hay, and 30 i)ounds of corn silage. Her 
milk yields in pounds for the first clear month after calving in each of 
th(» five years under consid<iration were as follows: 

pound » 


October, 1914 799 

September, 1915 731 

September, 1916 690 

November, 1917 416 

January, 1919 873 


The milk yield for the first six weeks after calving is not markedly 
influenced by moderate changes in the contemporaneous food supply (10), 
and the rations given in the months mentioned above w^ere so 
nearly equivalent that they could not have produced the observed dif- 
ferences in the milk yield. These are to be attributed, therefore, to 
the nutritive condition of the cow in her dry periods. The large yield 
for January, 1919, is the result of the long dry period with a ration 
considerably above the maintenance requirement. 

Cow 201. This animal was a pure bred Holstein, born March 13, 
1905, and brought to Beltsville in 1912. The protein and total nutri- 
ment contained in her rations during the yexw^T914, 1915, 1916 and 
1917, were calculated and compared with the quantities required for her 
maintenance and for her milk and fat yield according to the Savage 
standard, and it was found that she received, on the average, a surplus 
of about 8 per cent protein and of about 9 per cent total nutriment. 

® This very low yield is partly explained by the facts that the cow aborted in 
1917, and that she had an unusually long dry period in 1918. 
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She was on pasture for 46 days during the four years under considera- 
tion. She calved normally in the autumn of each year. Her dry 
periods were 50 days on the average. 

In 1914, she gave 12182 pounds of milk; in 1915, 8269 pounds; in 
1916, 7224 pounds; in 1917, 5708 pounds; and in 1918, 4796 pounds. 
In 1918, she was given a dry period of 78 days, and, during the last 40 
days of this period, was fed a much more liberal ration than during 
her previous dry periods. She calved October 30, 1918, and her milk 
yield for 1919 rose to 8711 pounds. 

During her dry periods in 1914, 1915, 1916, and 1917, she was fed 
approximately the same rations as those fed to cow 17 in her correspond- 
ing dry periods. During the last 40 days of her 1918 dry period, she 
was fed daily 1 1 pounds of grain C, 11 pounds alfalfa hay, and 26 pounds 
corn silage. Her milk yields in pounds for the first clear month after 
calving in each of the five years under consideration, were as follows: 

pounds 


December, 1914 1138 

October, 1915 1230 

October, 1916 896 

October, 1917 579 

December, 1918 1293 


For the same reasons as have been given in the case of cow 17, the 
greatly increased milk yield after the 1918 caMng is to be attributed 
to the more liberal ration fed in the 1918 dry period. It should perhaps 
be mentioned that this cow was milked three times a day during Decem- 
ber, 1918, and only twice in the other months above recorded. But 
the increase in milk yield to be expected from this change in treatment 
has been much studied at Beltsville; it could hardly have been more than 
10 per cent in such a case as that under consideration. The actual 
increase as between October, 1917, and December, 1918, was more than 
120 per cent. 

Experiments shoiving the effects on milk yield of feeding phosphate with 
alternated rations during the dry period 

The experiments may be briefly described as follows. Cows were 
dried off about two months before they were due to calve, and were fed, 
during their diy periods, a basal ration containing 3 to 6 pounds of 
grain, 4 to 5 pounds of alfalfa hay, and 30 pounds of corn silage. Half 
of the animals were used as controls and were fed the basal rations 
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without supplement. The other animals received the same basal ra- 
tions as the controls, but supplemented with a certain amount of sodium 
phosphate, and with the grain and hay of the rations fed on alternate 
days. In many cases the same animal served as a control one year and 
as an experiment the next year. In a typical experiment an animal 
would receive daily for 60 days before calving three pounds of grain C 
(see table 1), 4 pounds of alfalfa hay, and 30 poimds com silage. The 
next year, she w'ould receive in the corresponding period the same av- 
erage daily quantities of the same foods; but instead of receiving equal 
amounts of all the foods every day, she w’ould receive on one day no 
grain, 8 pounds of alfalfa hay, and 30 pounds com silage. The next 
day she would receive 6 pounds of grain with sodium phosphate added 
to it, no hay, and 30 pounds of com silage. For the sake of brevity, 
the first procedure will be spoken of as the “control feeding;” the sec- 
ond, as the “experimental feeding” or as the “alternated feeding with 
phosphate.” 

The animals which received the phosphate were fed alternated rations, 
as above described, with the idea of separating, to some extent, the 
calcium and phosphorus compounds in the intestinal tract. There is a 
good deal of evidence to show that the absorption of phosphorus from 
the intestinal tract may bo hindered by the simultaneous presence of 
calcium compounds (11). As the hay contains most of the calcium of 
the rations, and the grain, most of the phosphoms, the experimental 
animals received an excess of calcium one day and an excess of phos- 
phoms the next. When the average daily ration was 3 pounds grain CP, 
4 pounds alfalfa hay, and 30 pounds com silage, they received about 61 
grams Ca and 17 grams P on the da3’s when they were fed hay; and, 
about 16 grams Ca and 50 grams P on the grain days. 

After calving the controls and experiments were fed alike or according 
to their milk yields. As the milk yield for the first five or six weeks after 
calving is not much influenced by small changes in the contemporaneous 
food supply (10), we have not thought it necessary to give a detailed 
account of how the cows were fed during this period. 

The milk and fat yields of the control and experimental animals were 
followed for the first 40 days after calving, and, as a rule, the milk 
produced from the tenth to the fortieth daj' after calving was taken as 
a measure of the effect of the alternated feeding with phosphate. In 
many cases the body weights of the animals were followed during the 
periods when they were on the control or the experimental feeding. 
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It was decided to use sodium phosphate as the mineral supplement, 
partly in order to study the effects of ])hosphorus as distinguished from 
calcium, partly because tho phosphates of sodium are much more solu- 
ble in neutral solutions than any of the phophates of calcium, and it 
was judged that feeding the more soluble salts would produce the maxi- 
mum effect of the phosphorus on metabolism. Di-sodium phosphate 
(Na^HPOi) was selected, because it is the most nearly neutral of the 
various sodium salts. A very pure preparation of this compound, con- 
taining 9 to 12 molecules of water of crystallization/ can be obtained 
commercially at about SlOO per ton. 

Sodium phosphate has been fed in only a hnv of the numerous phos- 
phate feeding experiments which have been carried out in the past. 
Couin and Andouard (12) worked with it to some extent, but they give 
no information in regard to the particular sodium phosphate used or in 
regard to its water content. If we understand them right, their doses 
were very small in comf)arison to those whi(*h we finally used. We 
began with doses of 4.5 grams P as NasHPOi daily, and finally got up 
to doses of 24 grams without producing any noti(?eable digestive dis- 
turbances whatever. 

In deciding on the basal ration to which the phosphate was to l)(‘ 
added we were largely infliamced by the fact that the dry cows at 
Beltsville had previously been fed as a matter of routine, a ration con- 
sisting of 4 pounds grain,^ 4 pounds of legume hay, and 30 pounds of 
corn silage. 

This ration carries decidedly more than enough j)rotein and total 
nutriment to provide for the mainttmance of a 1000 pound cow, ac- 
cording to the Haecker and Savage Standards; (9) and according to 
the results obtained by Eckles (2), the surplus should be sufficient to 
provide for the development of the unborn calf. Using a slightly less 
liberal feed for the basal ration made it possible to compare the per- 
formance of the cows fed phosphate in addition with that of the general 
herd. In several cases, however, a somewhat more liberal ration was 
used both for the control and for the experimental animals. 

® The salt crystallizes with 12 molecules of water, but loses a considerable 
part of its water of crystallization readily on exposure to air. As obtained com- 
mercially, therefore, it generally contains less than 12 molecules of water. 

The grain mixture fed has been varied from time to time. Those most fre- 
quently used were grains B and C. The protein, total nutriment, and mineral 
content of these are fairly typical for all the other mixtures. 
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Alfalfa was selected as the hay to be used, partly on account of its 
high calcium content, and ]:)ai 1 l 3 ^ because it had been used at Beltsville 
in the past as often as anything else. 

The experiments fall into two general classes: first, those on animals 
which had becui fed for some years previously according to the routine 
used for the general herd; and, second, thos(^ on animals which had been 
on t(^st, and whicli, for at least, a year prccc^ding our experiments had 
been fed much mon* liberally than the general herd. In the first class 
tliere arc two smaller groups. (Jroup 1 consists of seven experiments 
wlier<' the same animal served in one j^ear as (‘ontrol; and in another, as 
experiment. Group 2 consists of experiments in which the records of 
animals on the phosphate feeding were compared with those of other 
api)roximately similar animals used as controls. 

I'he (lata in the case of th(' animals which had be(*n on test are rather 
complicated. In our experiments all these animals were dried off GO days 
or more l)efor(^ they were due to calve, and were fed during this period 
on a basal ration of 3 pounds grain D, 5 pounds alfalfa haj", and 30 to 35 
pounds corn silage. The controls received this ration fed in the usual 
way and without any supplement. The others received grain and hay 
on allternate days and with phosphate added to the grain. It would be 
possible to compare the experiments directly with the controls in this 
s(^ries, but as the animals are not exac^tly (comparable, and, as the cases 
an^ few, we have thought it Ixdter to take into account the past records 
of l)oth controls and experimental animals. We have, therefore, com- 
pannl the performance of each animal after (dther control or phosphate 
feeding with lier performance in the preceding year, and d(itermined 
whether the phosjdiate or control performances compare more favorably 
with the p)rcce(ling performance of the same animal. 

For sev(*ral years before tin* c.xperiments began, the cows from the 
gcmeral herd, of which the histories are tabulated in tables 2 and 3 were 
fed api)roximately according to the Savage standard. They received, 
on the average, about 0,25 po\md protein and 1 pound total nutrient 
more daily than this standard calls for. The building of the annual calf 
is not taken account of in this calculation, but the .yearly 91 pounds 
of protein and 305 pounds total nutriment received over and above what 
the standard calls for should have provided sufficiently for this process, 
according to Eckles’s (2) re.s\ilts. 

The manner in which the test cows were fed contrasts strongly with 
the above picture. During the year that they were on test and actu- 
ally milking, these animals received a daily average surplus of 1 to 1.5 
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pounds protein and about 4 pounds total nutriment. For a number 
of weeks before thc 3 " calved, they received the enormous daily surplus 
of about 4 pounds protein and 16 pounds total nutriment. In other 
words, the ration fed before calving? in preparation for the test contained 
about 6 times as much protein and about 3 times as much total nutri- 
ment as is required for maintenance. In the course of a year, taking 
into account the dry period before going on test, those animals received 
about 100 per cent more protein and about 60 per cent more total nutri- 
ment than is called for by the Savage standard. 

It will be noted that the character of the experiments has made it 
necessary to keep the animals under observation for periods of more 
than a year, and to use the milk yield as a measure of the results to 
be studied. In the course of a year, innumerable small things, w’hich 
are quite beyond experimental control, but which might have some influ- 
ence on milk yield, necessarily happen to a cow — weather changes and 
small disturbances in health and appetite may be mentioned as examples 
of such incidents- To report them, even to the extent to which they 
have been recorded in our notes, would be quite impracticable on 
account of the space required. In the following description, therefore, 
there are given only such features of the histories of the cows as might 
have an influence on the milk yield of the same general order of magni- 
tude as the differences which have commonly been observed as the result 
of the phosphate feeding. 

The immediately following paragraphs give in detail the manner in 
which the animals were fed before calving in our experiments, and 
tables 2, 3, and 4 give such data regarding the experiments as can be 
conveniently tabulated. 

Rations received before calving by animals used in the experiments 
Animals from the general herd 

Cow 17 j 1918. September 25 to October 18, 3 pounds grain C (see 
table 1), 4 pounds alfalfa hay, 30 pounds com silage. October 19 to 
December 11, 4 pounds grain C, 4 pounds alfalfa hay, 30 pounds corn 
silage. 

Cow 17 y 1919-20. November 26, 1919, to February 14, 1920, alter- 
nated rations with daily average of 3| pounds grain CP, 4 pounds alfalfa 
hay, 30 pounds com silage. February 15 to March 29, 1920, alter- 
nated rations with daily average of 4i pounds grain CP, 4 pounds alfalfa, 
hay, 30 pounds corn silage. 
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Cow 21, 1918. August 28 to November 30 alternated rations with 
daily average of 6 pounds grain CPi, 5 pounds alfalfa hay, 30 pounds 
corn silage. 

Coiv 4^, 1918. October 31 to December 1, 4 pounds grain C, 4 
pounds alfalfa hay, 30 pounds corn silage. December 2 to 25, 5 pounds 
grain C, 4 pounds alfalfa hay, 30 pounds corn silage. 

Cow 4^, 1919-20. December 12, 1919 to January 14, 1920, alter- 
nated rations witli daily average of 4J pounds grain CP, 4 pounds alfalfa 
hay, 30 pounds corn silage. 

Cow 50, 1918. October 2 to December 20, alternated rations with 
daily average of 5 pounds grain CPi, 4 pounds alfalfa hay, and 30 pounds 
corn silage. From October 4 to 9, 85 grams CaCOa were added daily to 
the silage on the days when hay was fed; from October 10 to December 
20, 158 grams. 

Cow 50, 1920. April 2 to June 3, 5 pounds grain C, 4 pounds alfalfa 
hay, 30 ])Ounds corn silage. 

Cow 54, 1917. March 14 to May 14, 3 pounds grain C, 4 pounds 
alfalfa hay, 30 pounds corn silage. 

Cow 54, 1919. May 8 to June 2, alternated rations with daily average 
of 3 pounds grain CPi, 4 pounds alfalfa hay, 30 pounds corn silage. 

Cow 59, 1917. October 26 to December 26, 3 pounds grain C, 4 
pounds alfalfa hay, 30 pounds corn silage. 

Cow 63, 1917-18. December 1, 1917, to February 1, 1918, 3 pounds 
grain C, 8 pounds corn stover, 30 pounds corn silage. 

Cow 63, 1919. February 3 to March 19, alternated rations with 
daily average of 3 pounds grain CPi, 4 pounds alfalfa hay, 24 to 30 
pounds corn silage. March 11 to 28, 3 pounds grain C, 4 pounds al- 
falfa hay, 24 pounds corn silage; rations not alternated. March 29 to 
April 25, same as February 3 to March 10. 

Cow 64, 1918-19. December 9, 1918, to January 5, 1919, 5 pounds 
grain C, 4 pounds alfalfa hay, 30 pounds corn silage. January 6 to 
February 6, 1919, 6 pounds grain C, 5 pounds alfalfa hay, 30 pounds 
com silage. 

Cow 67, 1918. April 1 to 20, alternated rations with daily average 
of 3 pounds grain CFz, 4 pounds alfalfa hay, 30 pounds corn silage. 

Cow 70, 1918-19. October 19, 1918, to January 27, 1919, alternated 
rations with daily average of 3 pounds grain CPi, 4 pounds alfalfa 
hay, 30 pounds corn silage. 

Cmv 71, 1918. September 25 to December 1, 3 pounds grain C, 4 
pounds alfalfa hay, 30 pounds com silage. December 2 to 11, 5 pounds 
grain C, 4 pounds alfalfa hay, 30 pounds corn silage. 
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Cmv 71 j 1919-^0. Dec<‘jn]>er 20, 1919, to February 20, 1920, alter- 
nated rations with daily avc'ra^e of 3-i pounds grain CP, 4 pounds alfalfa 
hay, 30 pounds corn silage. February 20 to March 1, 1920, alternated 
rations with daily average of 5J pounds grain CP, 4 pounds alfalfa hay, 
30 pounds corn silage. 

Cow SC 1919, Fcbruarj^ 24 to April 24, 1919, 3 pounds grain E, 3 
pounds alfalfa hay, 30 pounds corn silage, 5.7 grams Ca as CaCb daily. 

Cow SI, 1920, February 13 to April 6, alternated rations with daily 
average of 3| pounds grain CP, 3 pounds alfalfa hay, 30 pounds corn 
silage. 

Cow 213, 1918. January 1 to February (>, 5.G pounds grain C, 3 
pounds soybean hay, 8 pounds corn stover, 25 pounds corn silage. 

Cou) 214, 1918. March 28 to May 6, alternated rations with daily 
average of 3 pounds grain CP 2 , 4 pounds alfalfa hay, 30 pounds corn 
silage. May 7 to 15, alternated rations with daily average of 5 pounds 
grain CP 2 , 4 pounds alfalfa hay, 30 pounds corn silage. May 16 to 27, 
alternated rations with daily average of 5 pounds grain CPi, 4 pounds 
alfalfa hay, 30 pounds corn silage. 

Animals which had been on test during the year preceding the 

experiments 

For a month or so before they calved previous to the test lactation 
period these animals were fed daily rations of from 8 to 18 pounds grain 
F, 10 to 16 pounds alfalfa hay, and 24 to 30 pounds corn silage. The 
grain mixtures fed contained more protein and ash than either grain 
C or grain D. The rations supplied a great excess of both protein and 
total nutriment above the maintenance requirements. 

After they had finished their tests, these animals were dried off about 
two months before they were due to calve. Cows 227, 232 and 240 
were sclect(‘d as controls and were fed 3 pounds grain D, 5 pounds al- 
falfa hay and 30 pounds corn silage for GO days before calving. Cows 
228, 229, and 248 served as experiments. For 60 days before calving 
they were fed alternated rations with a dailj^ average of 3-| pounds 
grain DP, 5 pounds alfalfa hay, 'and 30 pounds corn silage. 

Comment on comparisons of table 2 

Caw 17. This animal gave very little more milk after the phosphate 
feeding than after the control feeding. She had a long dry period in 
both cases. It seems likely that the long dry period enabled her to 
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restore any insufficiency of hone material which may have existed at 
the beginning of the experiment. She had a uterine infection after 
the experimental feeding, which may have reduced her milk somewhat 
in the experimental period. 

Cow 49 . This animal al)ortcd during the period of phosphate feeding 
39 days before term. The abortion greatly shortened her dry period 
on the phosphate feeding and prevented her receiving the more liberal 

TABLE 2 


Condensed history of animals used in the cxjtei {merits. Animals from the general 
herd used both as experiments and controls 


i 



DATE f>F 

CALVIN'O 

DAYa DRY 

MILK YIELD* j 

FAT YIELD* 

« 

a 5^ 

55 

WATK OF 
BIKTH 

1 

1 

BREED * 

A ffoT- 
control 
fct'diriR 

1 

\ftcr 

phosphate 
f<*cdiuK 1 

Control 
p<'i lod ! 

Phos- 

phate 

period 

After 
con- 
tiol , 
feed- 
ing 

AftA'r 
plio.M- 
phiite 
feed- 
ing I 

After 

con- 

trol 

feed- 

ing 

After 

pho»- 

phate 

feed- 

ing 




i 




Iba 

lbs. 

Iba 

lbs 

17 

1909 

Grade Jer- 
sey 

12-1 I-IS 

3-29-20 

122 

122 

847 

858 

33 9 

i 

33 5 

49 

10-22-14 

Grade 

Guernsey 

12-25-18 

1-14-20 

71 

36 

831 

953 

40.7 

43 8 

50 

10-2^14 

Grade Hol- 
stein 

6-3-20 

12-20-18 

1 

73 

98 

995 

972 

38 8 

38 9 

54 

1-22-15 

Grade 
Guernsey 1 

5-14-17 

6-2-19 

First 

calf 

01 

669 

1027 

24 1 

34 9 

63 

10-17-15 

Grade Hol- 
stein 

2-1-18 

4-25-19 

First 

calf 

103 

! 422 

1018 

15.5 

34.1 

71 

7-15-16 

Grade 

Guernsey 

12-11-18 

3-1-20 

i 

First 

calf 

60 

632 

1121 

29.1 

49 3 

81 

2-19-17 

Grade 

Guernsey 

4-24-19 

4-6-20 

First 

calf 

44 

! 685 

936 

26 0 

42.1 


* The figures given in these columns represent the number of pounds of milk 
and fat given from the 10th to the 40th day after calving, except in the case of 
Cow 64. In this case it was necessary to take the figures for the yields from the 
18th to the 48th day after calving, as the daily milk records from the 10th to 
the 17th day in 1917 had been lost. 

grain ration which she had eaten for 23 days before calving during the 
control period. In the general herd, abortions 5 weeks or more before 
term have decreased the milk yield from 30 to 50 per cent. We have 
no way of accounting for the increased milk which was given in this 
case after the abortion, except as the result of the phosphate feeding. 

Cow SO. This animal was fed a much more liberal grain ration than 
the others in both tlie control and experimental periods. She “leaked” 
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milk from he^r udder to a considerable extent through the experimental 
period, and she had a uterine infection after calving in the control period, 
which may have somewhat reduced her milk yield. She gave a little 
more milk in tin* (‘ontrol period than in the experimental period. The 
numerous disturbing circumstances imike it difficult to interpret the 
results, but they seem to us to indicate that the addition of phosphate 
will often have little effect when the basal grain ration is as high as 5 
pounds daily. 

(oiv This cow aborted during the phosphate feeding 28 days 
before term. Judging from the history of such cases in the general 
herd, her milk yield should have been about 10 per cent less than after 
the control feeding. We have no way of accounting for tlic actual 
increase except as the result of the phosphate feeding. 

Cows 68 j 71 j and SL The remaining three animals of table 2 were 
fed on the control rations before their first calves were born and on the 
experimental rations before their second calves were born. It is well 
known that heifers are likely to give more milk with their second than 
with their first calves, the average increase has been worked out by 
Pearl and Patterson (7) for Jerseys, and we have in the Department 
figures obtained from the cow-testing associations for Guernseys and 
Holsteins. In table 9 we have given the actual and expected increases; 
in calculating the expected increases, we have in each case used the 
set of figures which would give the largest increases, in order to avoid 
any possible suspicion of favoring the results of the j)hosphate feeding. 
The milk yield of all three heifers increased after the phosphate 
feeding decidedly more than would be expected as the result of age 
alone. We have no way of accounting for the additional increases, 
except as the result of the phosphate feeding. 

Comment on comparisons of table 3 

The animals of which the histories are here tabulated were used in 
early experiments, in which we were still feeling around for the condi- 
tions under which the effects of the phosphate feeding would stand out 
most sharply, and in which the treatment of the subjects was not so 
carefully controlled as in the later experiments. The results, however, 
are in general accord with those of the later experiments, and it has 
seemed to us worth while to report them. 

It would, perhaps, be fair to compare cow 59 with cows 67 and 70; 
cow 64 with cow 21 ; and cow 213 with cow 214. The figures for cow 
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59 represent approximately the average performance for the heifers of 
the general herd with their first calves. Cow 67 is a half sister of 
(’ow 59. The two animals have the same sire; the dam of 67 has a some- 
what better record than that of 59. Cow 70 was selected in order to 
try the effects of phosphate feeding in an unfavorable case. Her 
mother had the poon^st record of any cow in the herd except two, and 
she herself was of unpromising appearance. Cow 64 was milked only 

TABLE 3 


Condensed history of animals used in the experiments. Animals from the general 
herd used only either as experiment or control 


PMBFR OF 
ANIMAL 

1>ATI OF 1 
WJJtTH j 

miFED j 

riATE OF 

C4L\I\G 

DAYS DRY 

i 

MIEK YIELD* 

FAT YIELD* 


(\nitrols 


59 

8-10-15 

Grade Hol- 

12-20-17 

First calf 

lbs. 

568 

lbs. 

20 5 

f>4 

10-18-15 

llolst.em 
Grade Hol- 

2-6-19 

62 

1108 

40 1 

213 

0-26-15 

stein 

Holstein 

2-6-lR 

First calf 

742 

26 7 


Experiments 


21 

1907 

(Jrade Jer- 
sey 

11-30-18 

85 

1458 

60 9 

67 

12-29-15 

Grade Hol- 
stein 

4-20-18 

First calf 

753 

26 3 

70 

4-22-16 

Grade 

Guernsey 

1-27-19 

First calf 

588 

28 3 

214 

3-18-16 

Holstein 

5-27-18 

First calf 

1554 

46.8 


* The figures given in these columns represent the number of ]>ounds of milk 
or fat given from the 10th to the 40th day after calving. 


twice a day; and cow 21, three times. The difference in the milk yields 
is, however, larger than is generally produced by this difference in treat- 
ment. Cows 213 and 214 were half sisters, both being daughters of the 
same sire. The dam of cow 213 had a decidedly better record than 
that of cow 214. Cow 213 was milked only twice a day; and cow 214 
three times, but the difference in milk yields is very much greater than 
could be accounted for by this difference in treatment. 
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Comment on comparisons of table 4 

We do not think it necessary to make any detailed comment on the 
results given in table 4. 

The differences in milk yield as between the cows fed phosphate and 
those fed the basal ration alone are so small as to be insignificant. 

TABLE 4 

Condensed history of animals used in the experiments. Animals which had been 
on test during the year preceding the periods of control and jyhosphate feeding 




DATE OF CALVING 

DAYS DRY 

MILK YIELD* 

PAT YIELD* 

DATE or 
BIRTH 

BREED 

Test 

period 

After 
control or 
phosphate 
feeding 

Before test 
period 

Con- 
trol or 
phos- 
phate 
feed- 
ing 
period 

Teat 

period 

After 
con- 
trol or 
phos- 
phate 
period 

Test 

period 

After 
con- 
trol or 
phos- 
phate 
feed- 
ing 
period 


Controls 


227 

232 

240 

8-2-15 

3-31-16 

11-10-14: 

Holstein 

Holstein 

Holstein 

4-18-18 

11-29-18 

0-27-18 

1-11-20 

3-lfi-20 

2-9-20 

First calf 
First calf 
59 

137 

58 

112 

ll>8. 

1674 

159ll 

1876 

lbs. 

2019 

2046 

1881 

lbs. 

61.8 

45.5 

64.2 

lbs. 

S3 8 
67 5 
80 9 

Experiments 

228 

9-2-15 

Holstein 

4-4-18 

12-30-19 

First calf 

79 

1429 

2016 

1 

44 7 

64 9 

229 

11-8-15 

Holstein 

5-28-18 

1-31-20 

First calf 

94 

1817 

2078 

I 53.8 

71.7 

248 

3-15-16 

Holstein 

1-22-19 

6-17-20 

First calf 

63 

1594 

1011 

51.0 

45.1 


* The figures in these columns represent the milk and fat yields from the 10th 
to the 40th day after calving except in the case of Cow 229. In her case they 
represent the milk and fat yields from the 20th to the 35th day after calving mul- 
tiplied by 2. It was necessary to take these figures instead of the usual ones, 
as she was sick for some days after calving in 1920, and suffered a severe cut in 
her rations, and got sick again on the 36th day after calving. 

It follows that the favorable influence of the phosphate feeding is 
reduced to negligible proportions in the case of cows which have been 
super-abundantly fed in their immediately preceding lactation period. 

Effeds of phosphate feeding on body weight 

Both the animals on the experimental feeding and those used as con- 
trols were weighed from time to time. The results are given in tables 5, 
6, 7 and 8. These figures summarize all the pertinent results that we 
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TABIJ3 5 

Body-weights of animals on control and phosphate rations. Heifers on control 

rations; all four pregnant 


PIORIOD 

DUKINO 


NUMBER 

ANIMAL 

WHICH 

WBIGHINOS 

WERE 

TAKEN 

AVERAGE 
DAILY GAIN 

DAILY RATION 


days 

lbs 

j lbs. 


lbs. 


lbs. 

67 

20 

1 75 

Grain C. . . 

.. 3 

Alfalfa hay. . 

4 

Corn silage.. 30 

71 

60 

0 65 

Grain C . . 

a 

Alfalfa hay.. 

4 

Corn silage.. 30 

81 

ISO 

1 04 

Grain E.. 

. . 3 

Alfalfa hay. . 

3 

Corn silage.. 30 

214 

59 

0.90 

Grain C . . 

. 3 

Alfalfa hav. . 

4 

Corn silaee.. 25 


TABLE 6 

Body-wiights of animals on control and phosphate rations. Heifers fed alternated 
rations with phosphate: no. 70 pregnant, no. 7^ farrow 


NCIIBER 
or ANIMAL 

PERIOD 

DURING 

WHICH 

WEIGHINGS 

WERE 

TAKEN 

AVERAGE 
DAILY GAIN 

AVERAGE DAILY RATION 


days 

lbs. 

lbs. 

lbs. 

^68. 

70 

70 

1 24 

Grain CPi . . 3 

Alfalfa hay.. 4 

Corn silage.. 3o 

74 

80 

2 20 

Grain CPi . 3 

Alfalfa hay.. 4 

Corn silage.. 3o 


TABLE 7 

Body-weights of animals on control and phosphate rations. Coivsfed control rations 

during dry periods before calving 


NUMBER 
or ANIMAL 

PERIOD 

DURING 

WHICH 

WEIGHINGS 

WERE 

TAKEN 

AVERAGE 
DAILY GAIN 

DAILY RATION 


; days 

lbs. 

lbs. 


lbs 


lbs. 

17 

50 

1,38 

Grain C.. 

... 4 

Alfalfa hay.. 

4 

Corn silage.. 30 

50 

59 

1 76 

Grain C. . 

... 5 

Alfalfa hay.. 

4 

Corn silage.. 30 

51 

47 

1 28 

Grain C., 

... 3 

Alfalfa hay.. 

4 

^ Corn silage,. 30 

64 

60 

1 1.32 

Grain C . 

... 6 

Alfalfa hay.. 

5 

Corn silage.. 30 


have. Heifers 67 and 214 were fed on the control rations in the late 
winter of 1917-1918 and changed over to the experimental rations a 
few weeks before they calved. They, therefore, figure as controls in 
table 5 and as experiments in table 3. They were on the experimental 
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feeding for such short periods that the weights obtained from them 
during those periods can not \ye used in the present discussion. 

It seems worth while to give in more detail the histories of two ani- 
mals of which the weight changes on the experimental feeding were fol- 
lowed for comparatively long periods. 


TABLE 8 

Bod y-y'eig fits of animals on control and phosphate rations. Cows fed alternated 
rations with phosphate during dry periods before calving 


NUMBER 
or A.N1MAL 

PERIOD 

DURING 

WHICH 

WEtOHINOB 

WERE 

TAKEN 

AVERAGE 
DAILY GAIN 

AVERVGB DAILY RATION 


days 

lbs. 

IbH, 


lbs. 

lbs 

17 

52 

0.93 

Grain CP.. 

4i 

Alfalfa hay.. 4 

Corn silage.. 30 

21 

80 

1 57 

Grain CPi. 

6 

Alfalfa hay.. 5 

Corn silage.. JK) 

50 ! 

30 

2 50 

Grain CPi. 

. 5 

Alfalfa hay. 4 

Corn silage.. 30 

71 

30 

1 87 

Grain CP.. 

3 

Alfalfa hay.. 4 

Corn silage.. 30 

81 

31 

1 03 

Grain CP.. 

. 3 

Alfalfa hay.. 3 

Corn silage.. 30 


Heifer 74 was born October 15, 1916. From October 19, 1918 to Jan- 
uary 15, 1919, she was fed alternated rations with phosphate, receiving 
as a daily average 3 pounds grain CPi, 4 pounds alfalfa ha^^and 30 pounds 
corn silage. She was still farrow during this period. Her weights were 
as follows: 

poundii 


October 24 754 

November 23 804 

December 23 890 

January 12 930 


Cow 21 was born in 1907. From August 28 to November 30, 1918, 
she was fed alternated rations with phosphate, receiving as a daily 
average 6 pounds grain CPi, 5 pounds alfalfa hay, 30 pounds corn 
silage. She had calved previously, November 7, 1917, and became 
dry September 6, 1918. She calved again November 30, 1918. During 
the period of phosphate feeding, her weights were as follows: 

pounds 


September 2 1027 

October 2 1107 

November 1 1143 

November 21 1163 
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Her best previous month\s record for milk yield on the Beltsvillo 
farm was made in October, 1914, and amounted to 1041 pounds. After 
this, her milk yield gradually fell off ; the best month^s production after 
the 1917 calving was 4G9 pounds. She was in very good condition when 
she calved in 1918: in December, 1918, she produced 1276 pounds of 
milk; and in January, 1919, 1315 pounds. 

These two cases show clearly that sodium phosphate may be fed to 
cows for long periods in large amounts without producing any deleterious 
effects on the digestive and assimilative processes. 

TABLi: 9 

Basis for an attempt to estimate how much the alternated feeding with phosphate 
increased the milk yield in the cows of the general herd under the conditions of 
our experiments. The column headed ^'Expexied yield after alternated rations 
with phosphate'* gives the milk yields to be expected, after the experimental feeding t 
using the yields after the control feeding as a basis, and taking into account the 
facts that the animals were generally older diiring the experimental feeding and 
that some of them aborted. The figures represent pounds of milk yielded in 30 
days beginning soon after calving 


NUMBER OP A.NIM\L 

ACTUAL MILK YIELD 
AfTER CONTROL RATIONS 

1 

EXPECTED MILK YIELD 1 
AFTER ALTERNATED 
RATIONS WITH 
PHOSPHATE 

ACTUAL MILK YIELD 
AfTER ALTERNATED 

bations with 

PHOBPHATH 



lbs. 

lb» 

17 

847 

847 

858 

49 

831 

565 

953 

50 

995 

995 

972 

54 

669 

599 

1027 

63 

422 

495 

1018 

71 

632 

739 

1121 

81 

685 

753 

936 

Totals 

1 5081 

4993 

6885 


The actual yields after the alternated feeding with phosphate average 37.9 
per cent more than the expected. 

Account of unsuccessful and incomplete experiments 

Mapy experiments on the effects of phosphate feeding were begun 
and then had to be abandoned because the animals aborted or failed to 
calve, or for other reasons. In other cases phosphate was fed to cer- 
tain animals, but under rather different circumstances from those in the 
experiments which have been reported. We wish to speak briefly of 
these unsuccessful and incomplete experiments partly because the re- 
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suits sometimes furnished interesting hints, partly in order to avoid 
any suspicion that the results reported for the successful experiments 
might be cases unconsciously selected in which the milk .yield happened 
to be large after the phosphate feeding. 

Several animals were started on the control rations, and then either 
aborted or turned out to be sterile. It is not necessary to say anything 
about these, further than that, in the cases where they aborted, the milk 
yields were such as would be expected from a consideration of their 
histories in comparison with those of the rest of the general herd. 

Cow 63, the histories of whose 1918 and 1919 lactation periods have 
already been given in detail, was started again on the basal rations in 
1920. She carried her calf to term, but acquired an acute general in- 
fection after she had been milking about two weeks, which rapidly 
reduced her milk yield to a very low point, and finally made it necessary 
to have her slaughtered. She began this lactation period, however, 
with a milk yield which promised to be as good as or better than that 
of 1919 after the phosphate period. It is to be remembered that her 
dry period in 1919 on the phosphate feeding was 103 days; and her dry 
period in 1920 was also about 100 days. We are inclined to think that 
these long dry periods made it possible for her to store up a good quan- 
tity of calcium and phosphorus, and it would not be surprising if the 
effect of the long dry period with phosphate feeding in 1919 lasted over 
into 1920. 

Several cows started on the phosphate feeding turned out to be sterile; 
and one aborted, in addition to Cows 49 and 54, whose histories have 
already been reported in detail. The abortion in question occurred at 
a period when it was the custom to remove aborting cows from the 
farm immediately, and before we realized that cows which aborted after 
a period on the phosphate feeding might give more milk than they ever 
had before. We have no knowledge of the amount of her milk yield 
after the abortion. 

Besides the cases so far reported, there are only seven animals which 
have received any sodium phosphate at all. One of these received small 
daily doses (6.9 grams P as sodium phosphate) from the time she was 
bom up to when she threw her first calf. She aborted with this calf, 
and gave a rather small quantity of milk subsequently. On account of 
the abortion and of the fact that the doses of phosphate were small, we 
do not think that this experiment throws any light at all on the question 
of the effects of phosphate feeding on the subsequent milk yield. 

The other six animals received basal rations alone, and then the 
same rations with phosphate added, for short alternated periods, the 
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main purpose of the experiments being to determine the effects of feed- 
ing phosphate on the concentration of phosphorus in the blood. Three of 
these happened to abort after periods of a week or more on rations without 
phosphate. They gave about the quantities of milk which would have 
been exi)ected on the supposition that they had never had phosphate. 

The other three threw their calves while on the phosphate feeding. 
Two of them aborted after seven and ten days of phosphate feeding 
respectively. Both gave more milk than they ever had before, and 
decidedly more than would have been expected on the supposition that 
they had never had phosphate. The third was a heifer carrying her 
first (‘alf . She calved normally at term after 20 days of phosphate feed- 
ing and gave much more milk than the general average for the herd 
with Iheir first calves. These last three results suggest that even a 
short i)criod of phosi)hate feeding may have a marked^" favorable effect 
on milk yi(dd if it occurs during the few days immediately before calving, 
during which the udder is rapidly enlarging in preparation for the 
coming lactation period. 
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OFFICIAL GRADING AND CONTROL OF DAIRY 
PRODUCE FOR EXPORT 

J. A. RUDDICK 

Dominion Dairy Commissioner ^ Ottawa, Ontario 

In bringing this subject before the convention I wish to state 
at the outset that while I personally believe in the principle of 
grading dairy produce and other commodities for export, I am 
not here at the moment to advocate the adoption of such a sys- 
tem in connection with the export of our butter and cheese, or 
to urge it upon the dairymen of Ontario at the present. 

Some months ago, at a conference with the provincial deputy 
ministers of agriculture, the subject was discussed, and it w'as 
agreed that the grading of dairy produce for domestic trade or 
for educational purposes might be considered a provincial func- 
tion, but that grading for export was essentially a dominion func- 
tion, During the last session of Parliament a resolution calling 
upon the government to establish a grading system for export 
dairy produce was introduced in the House of Commons. It 
received unanimous support from the members. The minister 
of agriculture in his reply accepted the principle of the resolution, 
and stated that when the producers were ready to have their 
butter and cheese graded the Dairy Branch would be prepared 
to carry out such a scheme. While the attitude of the House on 
this question might almost be taken as a mandate, the reply of 
the minister gives you the policy of the department in the matter. 
In other words, when you intimate that you are desirous of having 
such a service performed, means will be found to carry it out, but 
it is not the intention of the minister to force it upon the country. 
In the meantime wre feel that -while this matter is being discussed 
and receiving some attention from all progresive dairymen, that 
it is our duty to collect and disseminate as much information on 
the subject as possible. 

The grading of produce is not a new idea, and it is over twenty 
years since it was first applied to butter and cheese. As a mat- 
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ter of fact the principle of grading has always been recognized in 
the Canadian cheese and butter trade. In selling your cheese 
the price is usually fix('d on the basis of no. 1 quahty. On de- 
livery the buyer inspects the .shipment and decides whether the 
quality is up to the standard of no. 1 quality or should be rated 
lower. Thus you have a rather crude attempt at grading, but its 
great vreakness is that the grader is an interested party, to whom 
it is an advantage to have the grade reduced as low as possible. 
Such a one-sided system breeds suspicion and leads to discon- 
tent. The wonder is that there has not been greater dissatisfac- 
tion than there is. It speaks well for the character of the buyers 
of cheese that .such a loose method should have prevailed for so 
many years. 

Then the que.stion before us is not so much the introduction 
of grading as something new, as it is the substitution of an organ- 
ized system carried out by disintere.sted i)arties with a legal 
status and based on clear-cut definitions, for the present one- 
sided and haphazard arrangement. In other words whether the 
quality of every lot of cheese shall bo determined accurately 
and the price fixed according to value, or that the matter shall be 
left entirely in the hands of one party to the transaction, w'ho may 
be influenced by market conditions and other considerations. 

Official or government grading of dairy produce has been in 
force in different countries for a good many years, and w’e now 
have in Canada a nmnber of grading services in operation. It 
may be worth while at this stage to state very briefly how these 
different services are carried on and the particular object that 
was in view when they were organized. 

Let us begin with New Zealand, because that country w'as the 
first to adopt government grading of dairy produce — about 
twenty-five years ago — ^and because it is the only country in the 
world from which no dairy produce may be exported unless it 
is graded. The grading of butter was started in New Zealand 
as an educational measure, and to give information to the butter- 
makers as to the quality and character of the butter which they 
were turning out. When this matter was first taken up there 
were no regular exporters in that coimtry. The export butter 
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and cheese were mostly handled by wholesale importing firms who 
bought New Zealand produce or secured the shipping of it in 
order to help out their exchange. There was no examination or 
inspection of the butter or cheese at the time of shipment. It 
was usually consigned to some importer in London. It was from 
three to six months old before it reached its destination and then 
another month or two would elapse before definite reports on the 
quality came back to the maker. It was this state of affairs that 
induced the government to inaugurate a system of examination, 
largely for the purpose of giving information and guidance to 
the makers. 

The application of a complete grading system in New Zealand 
was comparatively simple compared to what it would be in 
Canada, and I need only describe briefly the geographical situa- 
tion and other conditions to make this quite clear. In the first 
place New Zealand is a small, compact and insular coimtry. 
Export is possible by steamer only. All the towns and shipping 
centers are at the seaboard, and the cold storage warehouses 
where the butter and cheese are stored are located on the docks 
so that vessels are loaded direct from the w’arehouses. Home 
consumption is relatively small and the bulk of cheese and but- 
ter produced is exported. The result is that the great majority 
of factories make butter and cheese for export, only, and when it 
is shipped from the factory to the cold storage warehouse there 
is never any doubt as to whether it is to be exported or held for 
local trade. The local trade is taken care of by certain factories 
which do not go into the export trade as a rule. The grading of 
dairy produce in New Zealand is carried out under the dairy 
produce act and regulations thereunder. The butter or cheese, 
as the case may be, must be shipped regularly to certain specified 
cold storage warehouses. All export butter and cheese must go 
through these warehouses. The regulations require that the 
churning number shall be marked on each box of butter and the 
vat number on each box of cheese, so that the grader may select 
one package from each churning or vat in the shipment and score 
the whole as one lot. The grading is done as the butter or cheese 
is being transferred from the railway cars or trucks to the govern- 
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merit cold store. When the grade has been determined one or 
other of the grade marks, “ 1,” “2,” or “3,” as the case may be, 
are placed on each package in the shipment. After grading and 
marking, the butter and cheese are wholly under the control of 
the government officer in charge of the grading station, and the 
owner has no access to them. He gives his instructions as to when 
and to whom they should be shipped and the manager of the ware- 
house attends to the shipping details. There is no such thing in 
New Zealand as a “through” bill of lading issued at interior points. 
Then again, none of the exporters have w’arehouses of their own. 
They couldn’t use them if they had, for everything must go to the 
government grading store. In New Zealand the export trade 
was developed under the grading system, and therefore fits into 
it, while our export trade has been free to develop without re- 
strictions of any kind, and has got into channels W'hich are now 
well worn and certain customs are rather firmly established. 
Another essential difference in the export trade of the two coun- 
tries is that in New Zealand the disposal of the year’s output is 
usually arranged for at the opening of the season, and prompt 
and regular shipment is the rule. Indeed the regulations, while 
they require that butter must be in store for three days after 
grading, also require that it shall be shipped out by the first 
available steamer thereafter. I need not point out how this 
practice differs from our own. 

Designed at first as a purely educational scheme, as time went 
on the commercial v'alue of the New Zealand grader’s certificate 
became more and more recognized, until today it is of first im- 
portance. Sales are now based almost wholly on the grades, of 
which the grader’s certificate is visible and accepted evidence. 

In Australia a similar system is in force under state authority, 
and varies somewhat in the several states which have made any 
attempt at grading. 

I have pointed out the difference between New Zealand and 
Canada in regard to the export trade in dairy produce that the 
difficulties of setting up such a system in this country naay be 
appreciated, and to show that some “give and take” will be 
necessary before it is, if ever, an accomplished fact. 
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In South Africa they have a law which provides for the grad- 
ing of all kinds of produce, which may be applied in different 
localities by Order-in-Council. All the cheeses are now graded 
which are shipped from one dairying district. The manufacture 
of cheese and butter has not yet reached large proportions in 
South Africa, the net export of cheese in 1918 being only 191,085 
pounds. 

In the United States, under the Food Products Inspection 
Law, the federal dairy division has appointed inspectors, who are 
located at Boston, New York, Philadelphia, Chicago, and Minne- 
apolis. These inspectors are prepared to grade butter on appli- 
cation of anyone having a financial interest in the shipment, but 
they do not undertake any inspection or grading of their own 
volition. This comes under the head, therefore, of voluntary or 
optional grading. It is confined to the five cities which I have 
mentioned. There are some interesting points in connection 
with the United States inspection service, and if anyone wishes 
to obtain more particulars I would suggest that he write to the 
Bureau of Markets, Department of Agriculture, Washington, and 
ask for Service and Regulatory Announcement No. 51. 

In Canada we already have some grading carried on under 
both federal and provincial and other authorities. It is both 
official and imofficial. In some cases it is carried out for educa^ 
tional purposes, while in others the object is purely commercial, 
but all the grading being done in Canada at the present time is 
more or less voluntary and has no authority of law behind it. 

I think it is only fair to say that the first grading of butter in 
Canada was carried out in Alberta. The sample system is fol- 
lowed, and it is not compulsory, althou^ practically all the 
creameries in the province avail themselves of the service. No 
Alberta creamery can sell its butter to advantage in the British 
Coliunbia market unless it is 'covered by the Alberta grader’s 
certificate, as some of the creameries have learned to their cost 
when they have attempted to act independently of the grading 
system. 

The grading of butter is also carried out in both Saskatchewan 
and Manitoba along the same lines as those followed in Alberta, 
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and it may be said now that the great bulk of all the creamery 
butter produced in the prairie provinces is graded by the differ- 
ent provincial authorities. There is no doubt that the grading 
of butter has been an important factor in winning for the butter 
of the prairie provinces the strong position which it holds today. 

The Dairy Branch of the Provincial Department of Agricul- 
ture at Toronto has, as most of you know, been conducting a 
voluntary or optional butter grading service on the sample plan 
for the last three years. 

The Quebec Agricultural C'ooperative Society has been grad- 
ing cheese and butter in bulk for sale by auction in Montreal for 
some years past. The Society practically does its own grading 
although it has the backing of the Provincial Department of 
Agriculture. 

The Montreal Produce Merchants’ Association employs an 
inspector who passes judgment on the quality of butter and cheese 
in transactions in which the members of the Association are in- 
terested. This is the only instance of purely unofficial grading 
being carried on in Canada at the present time. 

The Dairy Branch at Ottawa has undertaken to grade the 
cheeses which are to be sold by auction by the United Dairymen 
Cooperative at Montreal. A certificate is issued in dupheate, one 
copy going to the purchaser and one copy to the Manager of the 
Cooperative Society, who passes it on to the factory. The grad- 
ing at Montreal is on a purely commercial basis, although it is 
possible to use the information for educational purposes by pass- 
ing it on to the instructors. 

In the province of New Brunswick during the past two years 
practically all the cheese manufactured has been graded for the 
local market by an official of the Provincial Department of Agri- 
culture. The dealers agreed to purchase only graded cheese and 
to scale the price as between first, second and third grades. The 
quality of New Brunswick cheese has shown marked improve- 
ment under this stimulus and relatively a much better price 
has been obtained for it. 

During the years 1917 and 1918, when the cheese was handled 
by the Cheese Commission and the Dairy Produce Commission, 
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every box exported was to all intents and purposes classified into 
no. 1, no. 2, or “off grades,” according to the now generally 
adopted Canadian standards and definitions. The cheeses were 
classified by the dealers who offered them to the Commission, 
but the Commission inspected every lot to see that the classifica- 
tion was according to quality, and a definite spread of one-half 
cent per pound was made in the price as between first and second 
grades. 

Thus you see, from the foregoing statements, that a consider- 
able amount of grading is being done in Canada at the present 
time, according to different plans and under different auspices and 
having different objects in view. It would be, however, a very 
long step from the present voluntary or optional grading service 
which is carried out here and there, to a complete or general and 
compulsory service for the grading of all dairy produce to be 
exported. There are, however, no insuperable difficulties in the 
way. It is quite possible that it might be found desirable to 
apply it with certain limitations. For instance, it would be a 
comparatively simple requirement to say that only the cheese 
and butter exported through the port of Montreal to the United 
Kingdom should be graded. That would be very different to 
requiring that ail dairy produce for export should pass through 
that port to be graded. Occasional shipments of butter or cheese 
to the United States, to the West Indies, or other places, not pass- 
ing throu^ Montreal at all, might be exempted from the provi- 
sions of any regulations governing the grading of dairy produce. 
These are matters that would all have to be considered before 
any definite decision could be reached. The main thing for us 
to consider at the present time is what are the advantages or 
disadvantages that might be expected to arise from the adoption 
of a grading system. 

Having been responsible for the reorganization of the grading 
service in New Zealand while I was dairy commissioner in that 
country, I have naturally watched the working out of the policy 
with very much interest. It is as clear to me as it can be that 
the grading system has been of immense value to the New Zealand 
dairying industry. As an educational measure it has been a 
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strong factor in raising the standard of quality. The confidence 
established in the British market and the simplification of trading 
has tended to popularize New Zealand produce in the old coun- 
try, and don’t forget that popularity does not rest solely on the 
matter of (juahty. Although quality is of first importance, 
standardization, confidence and elimination of disputes over 
quality, all of which grading promotes, go a long way in building 
up a reputation for any article. 

It is worthy of note that in 1917 the percentage of no. 2 cheese 
received by the Cheese Commission was 15.13 per cent of the 
whole. In 1918 the percentage of no. 2 cheese was only 11 .16 per 
cent, and it is a fair assumption that a considerable amount of 
credit for this improvement should be given to the grading of 
the cheese. 

Some very interesting results have followed the grading of the 
cheeses which were sold by auction at jVfontreal during the past 
season by the United Dairymen C’ooperativc. Let me give you 
one instance. The che('ses from a certain factory were all graded 
no. 2 for the first four sales; after that they were never lower than 
no. 1, three lots were graded “special,” and one lot made the 
record high score for colored cheese. Can anj^one doubt the 
value of grading to that factory? Under the present system it is 
not always brought home to the factory as it should be when 
there is any falhng off in the standard of (juality. Very often, 
owing to market conditions and for other reasons, no fault is 
found wth the quality, although it may be only a second grade. 
While there may be a temporary gain to the factory which sells a 
no. 2 article for a no. 1 price the result is very bad in the end as 
it engenders a false sense of security and tends to perpetuate the 
errors. It is in the interest of the factory in the long run that 
it should be advised, regardless of market or any other condition, 
as to the exact quality of its product. 

As for the disadvantages attending the adoption of a grading 
system, I do not see that there are any. It will fit in with the 
present methods of selling cheese either cooperatively by auction, 
or on the cheese boards. No expense will be added to the han- 
dling of either cheese or butter, nor will the business of anyone 
connected with the trade be necessarily disturbed. 
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It will be necessary to have some legislation and regulations to 
govern the carrying out of such an important line of work. As 
far as the factories are concerned no obhgations will be imposed, 
nor will they be required to do anything which they are not doing 
now, except possibly to mark the number of the vat or the num- 
ber of the churning on each package. I cannot imderstand why 
they do not do that now, without any compulsion. I could 
point out case after case where factories have lost much money 
through their failure to observe this very simple requirement. 

We come now to the second part of my subject, namely, that 
of government control of exports. 

I have seen it stated that the butter exported from Denmark 
is graded, but this is not the fact. There is, however, a very 
important system of control over the export of butter not only 
in Denmark but in Sweden and Holland, and it may be interest- 
ing to describe these systems at this point, because the results 
commercially are similar, in some respects, to those which follow 
a system of grading. 

No butter of Danish origin m9.y be exported from that coun- 
try which does not bear the national or “Lur” brand. This 
brand may not be used on any butter shipped out of the country 
but manufactured elsewhere, and no creamery is permitted to 
use it unless the butter comes up to a certain standard of qual- 
ity. Nominally the government administers these regulations, 
but in reahty it is the creameries themselves that have taken the 
initiative in this as in other matters, and in effect the Union of 
Danish Creamery Associations say to the dishonest, careless, or 
inefficient creamery, We will not allow you to export your in- 
ferior butter and thus injure the general reputation of Danish 
butter and prevent those of us who produce a first-class article 
from getting the maximum price for it.” 

The national or “Rune” brand of Sweden is applied in much 
the skme way as the Danish national brand, and for the same 
reasons. 

In Holland a slightly different system of control prevails. Hol- 
land is a great dairying country, in some respects the greatest 
in the world. For intensive production, for thoroughness of 
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organization, and for superiority of buildings and equipment it 
excels any other country that I know. But Dutch butter at 
one time acquired a rather bad reputation for adulteration, and 
it lost popularity in the British market on that account. Dutch 
butter sold from 3 to 4 cents per pound below that of Danish, 
although the quality of much of it was undoubtedly just as good. 
That was the result of lack of confidence. The Dutch govern- 
ment, therefore, took the matter in hand and established a sys- 
tem of control under which frequent examinations are made of 
the butter of any creamery that desires to come under the system, 
and when the authorities are satisfied that the creamery in ques- 
tion is turning out a pure article of good quality they are allowed 
to use the government control mark, which consists of a very 
thin piece of paper printed with certain wording and so cut or 
scored that when it is once pressed on the surface of the butter 
it seems to be impossible to remove it without tearing it all to 
pieces. These paper marks are supplied by the government, 
and each bears a number for the purpose of identification. 

These systems of control serve to some extent the same pur- 
pose as that of grading, except that there is no certificate issued 
which can be used as a commercial document. They are more 
applicable, it seems to me, to coimtries in which the bulk df the 
produce has reached a high level of quality and is generally uni- 
form throughout. The control system is not of the same educa- 
tional value to the butter-maker or to the creamery or cheese 
factory as a system of grading is. 

Returning to the matter of grading, I need hardly point out 
that it may take a good many different forms and be applied in 
various ways and with different objects in view. Thus it may be 
educational in its object, or it may be purely commercial, or a 
combination of both; it may be compulsory or merely optional 
or voluntary; it may be confined to either the export or home 
trade, or it may cover both wholly or in part; it may be ofl&cial 
through a government department, or imofficial as where the 
grader receives his authority from a voluntary organization. In 
a country like Canada it may be carried out under either federal 
or provincial auspices; and finally, the grading may be done on 
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samples or in bulk. So when we talk about a grading system, it 
is well to know just what we have in mind. 

My final point is that as our principal competitors in the Brit- 
ish market have adopted some measure of grading or other 
control over exports, it would seem to be the part of wisdom for 
us to give the matter careful consideration, with due regard to 
the difference in our conditions as compared with these other 
countries. With grading in New Zealand, Australia, and South 
Africa, with regulation of exports by which dairy produce of 
inferior quality is not allowed to leave Denmark and Sweden, 
and with Holland guaranteeing the quality of butter and cheese 
bearing the government mark, we are not going to have things 
all our own way. 

Personally, I have not in the past been a very enthusia.stic 
advocate for the adoption of a general system of grading, because 
I did not believe that this country was ready for it, but I will go 
farther than I did in opening and say that I believe now that the 
time has come when if we are to hold our own under the keen 
competition, keener than it has ever been before, we must take 
advantage of every means of placifag our surplus of dairy produce 
on the world’s markets imder the most favorable conditions 
possible. A system of grading for export dairy produce, if 
adopted, would have in this country a threefold object. First, 
it would be educational; second, it would facilitate trading and 
promote confidence in our produce; third, it would give the maker 
of the high grade article full recognition and reward. 

It would be educational because the grader’s reports or cer- 
tificates on low grade produce would show the maker wherein his 
produce was defective. Without such information he must rely 
on the opinions and reports of the buyers, and with all due respect 
to these gentlemen, I do not hesitate to say that very frequently 
opinions expressed by them are misleading, because in some cases 
they have not the necessary practical knowledge, and it is not 
always in the interest of the buyer to find fault with the quality 
of his purchase. I repeat that, generally speaking, there are 
few complaints as to quality and no reduction in price when the 
market rises, and thus the maker is misled and repeats his errors. 
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When complaints are made on a falling market the maker does 
not believe in the fairness of the claim and attributes it wholly 
to a question of market conditions. A grading system would 
eliminate these misimderstandings and disputes over quahty. 
The maker of high grade butter or cheese does not, under the 
present system, receive his just reward. There is a tendency 
to fix the price on the average quahty, as the buyer does not care 
to incur the onus of criticizing or rejecting. He would rather 
pay one price and then clear himself by taking losses on part of 
it if necessary and making a larger profit on the goods of higher 
quahty. No fault can be found with anyone on this score be- 
cause it is the natural outcome of our present method of doing 
business. 

In conclusion let me say this, that no one has a higher appreci- 
ation of the outstanding position which Canadian cheese has 
reached in the world’s market than I have. It is the largest item 
in the international trade, and in the matter of quahty it stands 
absolutely at the top. \Ve have reached this position without 
any system of grading but it must be remembered that while we 
were making our reputation no other country had such a system. 
Our position as the largest exporter of cheese in the world is being 
threatened to some extent by New Zealand, but I am of the 
opinion that it will be many years before New Zealand exports 
.as much cheese as Canada does. At the present moment there 
is a tendency to swing back to butter-making in New Zealand. 
Our production of cheese has been reduced to some extent in 
recent years by the great extension of the condensed milk and 
milk powder industry. The recent check to the condensed noilk 
industry would indicate that the cheese industry has nothing to 
fear from that source in the near future. We cannot, however, 
continue to hold our position in the cheese trade unless we are 
prepared to meet our competitors on equal footing, and the de- 
velopment of the grading idea all over the world is something 
which we cannot afford to ignore. 

With regard to butter, our position is very much weaker. 
The surplus for export is comparatively small. It will probably 
be in the nei^borhood of 16,000,000 pounds for the season of 
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1920. The quantity is irregular, and our reputation suffers from 
the fact that a great deal of the butter is held during the summer 
months for speculative purposes. There is every indication, how- 
ever, that our exports of butter show very considerable 
increase in future years, and if it is to win as favorable a posi- 
tion as our cheese has we must do everything in our power to 
meet a competition which is even keener in the case of butter 
than it is in that of cheese. 

I have endeavored to put the facts of the situation before you 
as clearly as possible in order that you may understand it and 
act accordingly. 
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Ice cream is very distinctively an j^?kmerican product, even 
though it was known in some form for several hundred years in 
Europe before it was introduced to this country. In Europe and 
during times past it bore slight resemblance to the mellow creamy- 
uniform article of the present. Then, too, our people were the 
first to develop the wholesale manufacture of ice cream, to intro- 
duce ice cream parlors and in general to develop the ice cream 
habit. Before the world’s disturbance ice cream might have been 
had in sea port towns in nearly every j)art of the world and on 
most oceian liners, and yet it was the American made product, 
taken chiefly from New York City. In other parts of the world 
ice cream is a kitchen product made where served, and varies in 
quality accordingly. 

AS A CONFECTION 

Ice cream, until -s’ery recentlj'-, was classed as a confection 
along with candy and soft drinks and as such came close to being 
ruled out of business at the time of the greatest shortage of sugar, 
and it was fortunate indeed that food officials counseled with the 
ice cream manufacturers and others regarding the product, for 
then it was pointed out that, being made of cream, condensed 
milk and sugar chiefly, it possessed very definite food values. 

AS A FOOD 

Critical analysis of ice cream revealed the fact that it possessed 
much of the same food properties as butter or cheese, which are 
made from the same general source, though naturally differing 
in its nutritive relation. In the past, ice cream (so-called) has 
been made from probably thousands of combinations of milk, 
cream, eggs, sugar and condensed milk, so that when the article 
first entered commerce it varied greatly in its value, and after 
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growing to considerable proportions seemed to demand a standard 
especially as to fat content. This was done to guarantee to the 
consumer that a proper amount of food nutriment might be 
obtained with a given purchase. The question was what the 
standard should be. One group of workers advised that the 
fat standard of ice cream should bear a definite relation to the 
fat standard in cream which w'as legal in the community in which 
the ice cream was made. This, however, seemed illogical to a 
few workers who believed that the fat content of ice cream should 
be governed by the product and its uses, rather than by the raw 
material from which it was made. 

BASED ON CREAM 

The first fat standard for cream to gain general recognition 
was that advocated by the national pure food law which fixed 
18 per cent fat as the minimmn. Using this as a basis and 
reasoning that since the introduction of sugar into the cream in 
sufficient amount to make it palatably sweet, would dilute or 
reduce the fat content to nearly 14 per cent; that 14 per cent 
should therefore be considered as the legal minimum of fat for 
ice cream. 

It is now generally recognized and recently sustained that the 
various states have the right to establish and enforce standards 
in food commodities. It is likewi.se established that cities of the 
first class have this right where such does not conflict with the 
state. Therefore, the fat standard of ice cream would become 
as variable as the cream standards in the several states and cities 
if ice cream were to be based upon cream. For instance, the 
legal standard of cream in Minnesota is 20 per cent, Wisconsin 
18, and Iowa 16. Consequently the ice cream fat content should 
be about 17, 15 and 13, respectively. Consequently if a manu- 
facturer located at, say Winona, La Crosse, or Decorah, shipped 
into three states named, he would either have to make three 
grades, keep them separate in his storehouse and in the shipping, 
which would be next to impossible, or he would have to put into 
all his cream enough fat to meet the highest requirement and be 
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very much handicapped in meeting the competition in the states 
requiring less fat. As between cities, we notice that 20 per cent 
fat in cream is demanded in Los Angeles, Portland, Spokane, 
Memphis, Minneapolis, and Washington, D. C., while 18 per 
cent suffices to satisfy Toledo, Syracuse, Seattle, Philadelphia, 
and New York, and 16 per cent is enough for Newark, N. J., 
Columbia, S. C., and Denver, Colo., but again we note that the 
ordinances of C’hicago, St. Louis and Boston require but 15 per 
cent fat, with Beaumont, Texas, requiring only 13 per cent. 
In this medley of re(iuireincnts we find a variation of nearly 
50 per cent and upon what fact of life or need are they based? 
Indeed, we must believe that these standards were estabhshed 
as compromises of judgment or as the opinion of the dominating 
member of the council. Not only in scattered cities do we find 
discrepancies in fat standards of cream, but in cities within the 
same state. Thus, Spokane demands 20, Seattle 18; Boston 15, 
Fall River 16; Houston 18, Beaumont 13; Detroit 18, Flint 20; 
St. Louis 15, Kansas C'ity 18. Again w'e can imagine the struggle 
any dealer would have trying to meet competition and at the 
same time live up to such a medley of requirements. Cities 
located in different states but close together offer an even more 
distressing possibility. Thus, Kansas City, Missouri, requires 
18 per cent fat in cream, wdiile Kansas City, Kansas, is satisfied 
with 16 per cent; St. Ixiuis, Missouri. 15 per cent and East St. 
Louis, Illinois, 16 per cent. 

Consistently carried out, therefore, the basing of the ice cream 
standard upon the cream standard for the state and city in 
question would introduce at best a useless confusion, unwar- 
ranted by any real need or good to be done. 

OTHER DAIRY FOODS 

Other manufactured dairy foods are not dependent upon the 
composition of raw material for their standard, thus butter, 
whether churned from thin cream or thick cream, must not 
contain to exceed 16 per cent water, nor according to the United 
States Pure Food Law less than 82^ per cent fat. Likew'ise, 
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cream whether extracted from Holstein milk testing 3.4 per cent, 
Shorthorn testing 4 per cent, or Jersey testing 6 per cent, must 
contain the quantity of fat specified in the ordinances of the 
city in which it is sold, and this we have noted, varies in general 
from 15 per cent to 20 per cent. In general, about 20 per cent 
of the volume of milk is extracted as cream, but if this simple 
proportion were maintained, we would have Holstein cream 
testing from 16 to 17 per cent fat, and Jersey cream testing from 
26 to 30 per cent fat. In my judgment the fat content of cream 
should be based upon the needs of cream, not upon the fat content 
of the milk from which it was derived, just as the acid content 
of vinegar should be 4 per cent in order that it may preserve 
pickles rather than based upon the sugar content of the apples 
from which it was made, or in the case of white wine vinegar, 
the per cent strength of alcohol from which it was made. 

Non-uniformity of requirements is one of the exasperating 
features of interstate commerce and few, if any, articles are 
already more tangled as to state requirements than ice cream. 
This is shown by the following list of states, with the fat standard 
of ice cream stated : 


United States No standard. All attempts to enforce circular 19, re- 

quiring, 14 per cent fat, have failed. 

Alabama 14 per cent by reference to United States 

Arizona 10 per cent for vanilla — 8 per cent fruit, nut and 

chocolate 

Arkansas No standard. 

California 10 per cent and 8 per cent 

Colorado 14 per cent and 12 per cent 

Connecticut 8 per cent and 6 per cent 

Florida 12 per cent 

Georgia 8 per cent 

Idaho 14 per cent by reference to United States 

Illinois 8 per cent 

Indiana 8 per cent 

Iowa 12 per cent 

Kansas 14 per cent by reference to United States 

Kentucky 10 per cent and 8 per cent 

Louisiana 10 per cent and 8 per cent 

Maine 14 per cent by reference to United States 

Maryland 8 per cent and 6 per cent 

Massachusetts 7 per cent 
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Michigan 10 per cent 

Minnesota 12 per cent 

Mississippi 8 per cent 

Missouri 8 per cent reduced in 1919 from 14 

Montana 10 per cent reduced in 1919 from 14 

Nebraska 14 per cent and 12 per cent bill now in legislature to 

reduce 

Nevada 14 p(‘r rent and 12 per cent 

New Hampshire ... 14 per cent 

New Jersey No standard 

New Mexico No standard 

New York No standard 

North Carolina. . . 8 per cent 

North Dakota 10 per cent and 8 i)er cent 

Ohio No standard 

Oklahoma 10 per cent and 8 per cent 

Oregon 8 per cent and 6 per cent 

Pennsylvania. . . .8 per cent and 6 per cent 

Rhode Island 8 per cent 

South Carolina ... 14 per cent by reference to United States 

South Dakota ... . 14 per cent and 12 per cent 

Tennessee 8 per cent 

Texas 8 per cent 

Utah 14 i)er cent by reference to United States 

Vermont 14 per cent by reference to United States 

Virginia 8 per cent 

Washington 8 per cent 

West Virginia 8 per cent 

Wisconsin 14 per cent by reference, 2 per cent tolerance allowed 

Wyoming 10 per cent 

Average 10 54 (the 42 States having standards considered) 

Canada 10 per cent reduced from 14 about five years ago 


ICE CREAM BASED ON OWN NEEDS 

It is a fundamental law in the nutrition of animals of all species 
that three general classes of foods are needed, namely: ash for 
bone building, protein for muscle construction, and sugar, 
cellulose or fat for heat formation. Natural milk, which is 
universally conceded to be the most nearly perfect food, contains 
these various substances approximately in the proportions shown 
in table 1. Ash is present in minor but useful quantities. Sugar 
is present to the amount of about 4.88 pounds to 100 pounds of 
milk. Sugar does the same work as fat in the body, namely: 
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it furnishes energy for work and heat for warmth. Protein is 
the general name for casein, albumin, and the other minor 
similar substances. Its chief function is muscle building. Fat, 
about 3.69 pounds to the hundred, serves to produce heat, energy 
and fatness. The great difference between fat and sugar is that 
fat is 21 times more heating than sugar and is in general more 
difficult of digestion. Protein and sugar have heating powers 
practically identical. Therefore, by multiplying the fat content 
by 2i we have reduced it to the same terms as the other food 
nutrients, or, in other words, we have reduced the several sub- 
stances to a common denominator and therefore can add them 
direct. Doing this, we find that the total starch value of 100 
pounds of ordinary milk is about 16.43, or, in other words, 16.43 

TABLE 1 

Composition of milk 


Water 

Solid 

per cent 

87.17 

12 83 

Ash 

per cent 

0.71 

Total starch value 


Sugar 

Protein 

Fat 

4.88 

3.55 

3.69 

Total energy value 



29,804 calories 

Nutritive ratio 



1:3.7 


pounds of dry starch or wheat flour would be required to equal 
100 pounds of milk of this grade. The heat or energy value of 
foods is measured in calories of which this food contains about 
29,804. The proportion, or ratio, between muscle producing 
and the heat producing foods is called the nutritive ratio and 
in average milk is about 1:3.7. For comparison we may study 
the composition and value of 20 per cent cream as shown in 
table 2, which we find has a starch value equal to 52 pounds, a 
total energy value of 94,328 calories, thus indicating a richer 
food; but likewise, we must note that there are 16.3 times as 
much heating food as muscle making food in cream of this grade, 
or, in other words, the nutritive ratio is 1 : 16.3. 

Evaporated milk furnishes an excellent comparison with cream 
since it contains so nearly the same amount of total solids, 
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namely about 27 per cent, but differs from the cream chiefly in 
having a much higher protein content and lower fat content. 
This is shown in the starch value of 35.87 as against 52 and in 
the total energy of 05,068, as against 94,328. The proportion 
of muscle to heating properties in evaporated milk is shown to 
be about 1 : 3.8, practically identical with that of normal average 
milk. In this substance we have then high solids without high 
heating. 

TABLE 2 

(Composition of BO per cent cream 



■per cent 


per cent 

Water 

72.41 



Solids 

27.59 

Ash 

0 59 



Sugar 

4.00 



Protein 

3 00 



Fat 

20.00 

Total starch value 



52 00 pounds 

Total energy value 



. . 91,328 calories 

Nutritive ratio 



1:16 3 


TABLK 3 

Composition average evaporated milk 


W ater 

Solids 

per cent 

73 

27 

Ash 

per cent 

1,5 

Total starch value 


Sugar 

Protein 

Fat 

9.7 

7.5 

8.3 

35 87 pounds 

Total energy value 



65,068 calories 

Nutritive ratio 



1:3.8 


The composition of what we may term “old fashioned” ice 
cream, as shown in table 4 reveals a comparatively low ash, 
low protein, and high fat with an energy value of 98,718 calories, 
indicating a rich food, but with a ratio of nutrients indicating 
more than 17 times as much heating as muscle producing food. 
By comparing this with table 5, showing the composition of 
modem ice cream, we note that the ice cream ■which has been 
made up in part by the use of condensed or evaporated milk, 
and contains, therefore, higher proteins and a lower fat content 
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has only about 85 per cent as much heat in it per pound as the 
old style compound, or in other words, the 14 per cent fat ice 
cream contains about 20 per cent more heat than does modern 
ice cream. While an examination of the ratio or proportion of 
nutrients in the modern indicates that there are only about six 
times as much heating as muscle producing food, or, in other 
words, the nutritive ratio of the modern ice cream is about 1 : 6.0 
as compared to 1: 17.1 in the old style. 


TABLE 4 

Composition of old fashioned** ice cream 



per cent 


per cent 

Water 

63 75 



Solids 

36.25 

Ash 

0 55 



Milk sugar 

Cane sugar 

its} 



Protein 

3.00 



Fat 

14.50 

Total starch value . . 



54 42 pounds 

Total energy value . , 



98,718 calories 

Nutritive ratio 




1:17.1 


TABLE 6 



Composition of modern ice cream 



per cent 


per cent 

Water 

64.80 



Solids 

35.20 

Ash 

0.91 



Milk sugar 

Cane sugar 

:::::: 



Protein 

4.65 



Fat 

9.40 

Total starch value . . 



46.4 pounds 

Total energy value . . 



84,142 calories 

Nutritive ratio 



1:6.0 


High fat ice cream is hot; that is, contains a large quantity of 
heat units compared with that containing less fat, and since it 
is a generally recognized principle that people in summer should 
consunie less fats and more fruits and cooling foods, it is directly 
in line with the advice of the health bureaus, dietetic experiments 
and physicians to maintain that ice cream, which is consumed 
most largely in summer for its cooling effect, should be chemically 
cool while being ph3rsically cold. Therefore, the fat standard 
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for ice cream, based upon the needs of the people eating the ice 
cream, would be comparatively low, say 8 to 10 per cent. 

In conclusion, it seems clear that (1) a standard for composition 
is needed, (2) the composition should be based upon the needs 
of ice cream as a food and not upon some standard for cream, 
and (3) a fat percentage of 10 per cent for plain vanilla ice cream 
and 8 per cent for fruit, nut and chocolate ice cream is sufficient 
for all useful purposes. 



TWO ORGANISMS OF A COMMERCIAL LACTIC 

STARTER. 

S. HENRY AYERS and COURTLAND S. MUDGE 

From the Research Laboratories of the Dairy DivisioUj United States Department 

of Agriculture 

It has become a more or less popular idea in this country that 
lactic starters consist of a single pure cultiu’e of a lactic acid 
producing organism, usually considered to be of the Strepto- 
coccus lacticus type. Nevertheless it has been recognized that 
not all pure cultures of this organism give the proper delicate 
flavor of a good starter. 

In Europe, where the most extensive work on starters has 
been carried on, the general opinion seems to be that more than 
one organism is necessary for a good flavored starter. Storch 
(12) has shown that two types of organisms are concerned in a 
good starter; one a lactic acid producing organism and the other 
a type which was quite different but wliich when cultivated with 
the lactic type seemed to give the taste and flavor of a good 
starter. This flavor-producing type, which he called X bacteria, 
did not coagulate milk nor form much acid, but produced con- 
siderably more volatile acid than the lactic type. He also found 
that the lactic type produced a higher acidity when grown with 
the X bacteria. 

Boekhout and De Vries (1) have isolated from sour milk and 
cream an organism which when grown with lactic acid producing 
organism of the Streptococcus lacticus type produced a char- 
acteristic and desirable aroma. This streptococcus resembled 
the lactic acid organism in morphology, but produced no visible 
change in milk. 

Hammer and Bailey (6), while studying the volatile acid pro- 
duction in starters, found that cultures of the lactic acid pro- 
ducing type of organism, which they call B. lactis acidi, when 
isolated from starters gave a much lower volatile acidity in milk 
than did the starter itself. This they found to be true with a 
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number of commercial starters studied. After considerable 
difficulty they isolated an organism which, although it did not 
curdle milk, produced more volatile acid than did the lactic 
type. When groAvn with the lactic organism the volatile acidity 
was still further increased and also the total acidity. These 
two organisms which were isolated from the starter when grown 
in combination gave a volatile acidity similar to that secured 
from the starter itself. This work suggests that perhaps the 
commercial starters in the United States consist of more than 
one type of organism. It is possible that the volatile acid pro- 
ducing organism isolated by Hammer and Bailey is of the same 
type as the X bacteria described by Storch, and the aroma 
producing organism isolated by Boekhout and De Vries. 

It is the purpose of this paper to describe two organisms 
isolated from a commercial starter which when grown together 
seem to reproduce the desirable characteristics of the original 
starter both in regard to activity and flavor. 

THE TOTAL AND VOLATILE ACIDITY PRODUCED BY THE ORIGINAL 
STARTER AND TW'O CULTURES ISOLATED FROM IT 

While engaged in an attempt to secure an active organism 
of the lactic type from a commercial starter, we found that while 
this was easily accomplished the culture did not give the delicate 
flavor of the original starter. This emphasized the fact that 
some other organism was of importance in connection with a 
desirable flavor. Plates were then made using a milk powder 
agar,‘ and the starter examined at different stages of its develop- 
ment during a twenty-four-hour period. The appearance of the 
plates showed that there were two distinct t3^es of colonies. 
One typo was surrounded by a small white zone, which on the 
milk powder medium indicates a high acid production. The 
other type of colony showed no such zone. The appearance of 
the paper by Hammer and Bailey (6) at this time led us to make 
determinations of the volatile acid produced by these two types 

^ Directions for the preparation of milk powder agar can be found in the Jour- 
nal of Bacteriology, v, no. 6, 565-588. 
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of organisms, both of which were streptococci. These cultures 
were inoculated into sterile skimmed milk and incubated for 
twenty-four hours at 30°C. and then steam distilled. In order 
to make our results comparable to those obtained by Hammer 
and Bailey, we followed their method of steam distillation, using 


TABLE 1 

Comparison of fermented milks fyrepared by the use of a commercial starter and two 
organisms isolated from it used separately and in combination 


CtJLTURS 

INOCULATION 

ACTDITT, 
Aft LACTIC 
ACID 

VOLATILE 
ACID, CC 

fs NaOH 

NEUTRAL- 

IZED. 

BFPECT OF 
CTTITURB ON 
MILK 

FLAVOR 

Commercial 

1 CC. 24-hour old 

per cent 

0 82* 

CC. 

25 1 

Firm curd, 

Sharp pleas- 

starter 

Culture ‘‘L” 

culture to 350 
cc. sterile 
skimmed 
milk 

1 cc. 24-hour old 

0 86* 

7.0 

indication 
of little gas 

Firm curd, 

ant acid, 
but delicate 
flavor 

Sharp, clean 

Culture 

culture to 350 
cc. sterile 
skimmed 
milk 

1 cc. 24-hour old 

0 23 

7 5 

no gas 

Not coagu- 

acid flavor 

Not sour 

Combination 

culture to 350 
cc. sterile 
skimmed 
milk 

1 cc. of each 24- 

0.87* 


lated, very 
little in- 
crease in 
acidity 

Firm curd, i 

Sharp pleas- 

of culture 
and 
culture 

hour old cul- 
ture to 350 cc. 
sterile skim- 
med milk 



indication i 
of little gas 

ant acid, 
but delicate 
flavor 


* The per cent of lactic acid varied and was often higher than in this particular 
experiment. 


250 cc. of milk culture and titrating the volatile acid obtained 
from 1,000 cc. of distillate. 

From the results shown in table 1 it will be seen that the com- 
mercial starter produced a total acidity of 0.82 per cent, -calcu- 
lated as lactic acid, and 25.1 cc. volatile acid, the volatile acid 
being expressed in terms of NaOH, neutralized by the volatile 
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acid in 1,000 cc. distillate from 250 grams of the milk culture. 
The culture showed a firm curd with indication of a little gas and 
had a sharp, pleasant acid but dehcate, flavor. 

Culture “L” was from one of the colonies on the milk powder 
agar plate which showed a white zone around it. This culture, 
when inoculated in sterile skimmed milk and handled in the same 
manner as the commercial starter from which it was obtained, 
gave an acidity of 0.86 per cent with a volatile acidity of 7 cc. 
of u ^laCH. T?he culture shoived a firm curd with no %ndicat%on 
of gas and had a sharp, clean acid flavor, but lacked the dehcate 
flavor of the original starter. 

The other organism. Culture “A,” isolated from the starter 
from a colony showing no white area about it, was of consider- 
able interest to us. It produced an acidity, in sterile skimmed 
milk, of only 0.23 per cent, calculated as lactic acid, and a volatile 
acidity of 7.5 cc. of i” NaOH. The milk was not coagulated and 
not sour to the taste. 

When these two cultures “L” and “A” were grown together 
the results obtained duplicated the action of the original com- 
mercial starter, as will be observed from the figures in table 1. 
The volatile acidity was practically the same as that of the 
original starter, while there was a similar firm curd with an 
indication of a little gas. The soured milk, according to the 
opinion of several persons who examined it, had the same sharp 
pleasant acid, but delicate, flavor of the original starter. 

GAB PRODUCTION IN THE STARTER 

It will be noted that in the original starter the appearance of 
gas was observed in the curd. A few gas bubbles could be seen 
on the side of the flask and often stripes in the smooth curd 
indicated the escape of gas at that point. In the dairy and the 
laboratory suspicion might be cast upon a starter showing this 
evidence of gas formation and the tendency would be to call it 
contaminated. This same gas formation, however, took place 
in the starter made from a combination of pure cultures “L” 
and “A.” We were not at all surprised at this gas formation, 
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because it is known that gas formation by the streptococci is 
not imcommon. Freudenreich ( 5 ) foimd gas-forming strepto- 
cocci in kefir, and Miss Evans ( 4 ) has shown that gas-producing 
streptococci of the Streptococcus kefir type are common in 
cheese, while Jensen ( 8 ) states that Streptococcus cremoris, 
which is commonly found in commercial starters, can develop 
such a quantity of carbonic acid that fine stripes appear in the 
curd. It has also been found in the course of our studies of the 
milk streptococci that CO2 producers are very common in certain 
kinds of milk and from our knowledge of this type of organism, 
culture “A” rather than “L” was selected as the probable gas- 
forming organism. 

TABLE 2 

Carbon dioxide production fram 15 cc. of sterile skimmed milk inoculated with 

various cultures 


MEDIUM 

CUl/rURE 

*‘ l " 

CULTURE 

‘V' 

CULTURBa 
‘*L*’ AND 

•V’ 

ORIGINAL 

COMMBB' 

ClAL 

STARTER 


cc.* 

CC.* 

CC.* 

CC.* 

Plain skimmed milk 

0.0 

0.7 

2 3 

4.9 

Skimmed milk with 0.6 per cent peptone 

0.4 

7.5 

4.1 

5.1 


* Cubic centimeters of ^ Ba (OH )2 neutralized by CO 2 . Determinations 
made in Eldredge tubes. 


Experiments showed, as will be noted from table 2 , that a 
little CO2 was produced in skimmed milk by culture “A” alone 
and that it was greatly increased when grown with culture “L” 
which showed no CO2 formation. In peptone miUc CO2 pro- 
duction was greatly stimulated by peptone, a fact which Miss 
Evans observed with Streptococcus kefir. The formation of 
CO2 was determined by the use of fermentation tubes described 
by Eldredge and Rogers ( 3 ), and we highly recommend these 
tubes for the routine determination of small amounts of CO2 
produced by bacterial action. 

It seems evident from these results that the indication of gas 
formation in a starter does not necessarily mean contamination. 
On the other hand, it may indicate the proper development of a 
type of streptococcus which is essential in a good flavored starter. 
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It is possible that cultures can be found which do not produce 
COj but which may possess the other desirable features of the 
culture under discussion. 

CHARACTERISTICS OF THE CULTURES 
Cumin “L” 

Colonies on milk pmrdcr agar. Colonics are small but have a distinct 
white zone about them. This indicates high acid production. 

Morphology. Twenty-four-hour old milk culture. 

The organism is a streptococcus of medium size and ovoid in shape. 
Chains of 4 to 8 cells are commonly found and often chains up to 20 
cells. 

Growth in litmus milk. Grows rapidly and decolorizes the litmus 
often before coagulation. Grows at ]0°C. After twenty-four hours 
at yO^C. in skimmed milk an acidity of about 0.8G per cent (as lactic 
acid) is reached. 

Fermentations. Ferments dextrose and lactose. Does not ferment 
saccharose, salicin, mannite, raffinose, or inulin. 

Carbon dioxide production from milk. Negative. 

From the characteristics of culture “L,” particularly its reduc- 
ing action in litmus milk, its growth at 10°C., and the lack of 
ability to ferment saccharose, it seems evident that the culture 
belongs to the Streptococcus lacticus group. Sherman and Albus 
(11) have show'n that the three characteristics mentioned are of 
importance in distinguishing the organisms of the Streptococcus 
lacticus type from other streptococci. 

CuUure “A" 

Colonies on milk powder agar. Colonies are small but do not show 
any white zone. This indicates little or no acid production. 

Morphology. Twenty-four-hour old milk culture. 

The organism is a coccus a little smaller than culture “L.” It oc- 
curs frequently in chains of 4 to 8 and sometimes as high as 32 cells. 
The cells are ovoid in shape. 

Growth in litmus milk. In twenty-four hours at 30®C. there is only 
a slight change in the color of the litmus. After seven days’ incubation 
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the reaction is distinctly acid, but milk not coagulated. After twenty- 
four hours at SO^C. in skimmed milk an acidity of about 0.23 per cent 
(as lactic acid) is reached. The culture grows slowly in milk at 10°C. 
In skimmed milk with 0.5 per cent peptone an acidity of about 0.47 
per cent is produced in twenty-four houi's. 

Fermentations. Fennents dextrose and lactose. Does not ferment 
saccharose, salicin, mannite, raffinose, or inulin. 

Carbon dioxide production from milk. Positive. 

Culture “A” did not grow in any of the ordinary media com- 
monly used for fermentation tests. It was found, however, that 
the addition of casein to an extract peptone solution gave a 
medium which supported growTh when a sugar was present which 
could be fermented. The composition of the medium w'as as 
follows: 0.5 per cent Fairchild peptone; 0.3 per cent meat extract; 
and 0.1 per cent casein, reaction pH 7.5. The casein solution 
was prepared by dissolving 5 grams of Hammarsten casein with 
1 gram of sodium dibasic phosphate (Sorenson’s phosphate 
NA2HPO4 -|- 2HsO) in 100 cc. of distilled water. Enough of 
this solution was added to the medium to give 0.1 per cent of 
casein. 

Culture “A” resembled the gas-forming streptococcus found 
by Freudenreich (5) in kefir and called by him Streptococcus B, 
which Migula (10) has named Streptococcus kefir. It agreed 
in most respects with the strains of Streptococcus kefir isolated 
from cheese by Miss Evans (4) but differed so far as it did not 
ferment saccharose and seemed to grow in artificial media with 
more difficulty. It was further observed by Miss Evans that 
the Streptococcus lacticus type of organism produced about 
0.12 grams of acetic acid in milk while one of the Streptococcus 
kefir cultures produced 0.97 gram per 3,000 cc. of milk con- 
taining 0.5 per cent peptone. 

It was found that, when groVn in skimmed milk with 0.5 per 
cent peptone for seven days at 30°C., culture “L” (Streptococcus 
lacticus) produced about 0.32 gram of acetic acid per liter, while 
culture “A” produced about 1.1 grams of acetic acid and a small 
amount of propionic acid.* The acetic acid of a control flask 


^ We are indebted to Mr. McNair of these laboratories for these determinations. 
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of medium was not determined, but as the medium was the same 
in both cases, the results can be compared. 

With our present knowledge of the two cultures it seems safe 
to say that culture “L” represents a strain of the Streptococcus 
lacticus type and culture “A” a strain of the Streptococcus kefir 
type. 

THE ASSOCIATIVE ACTION OF THE CULTURES 

The associative action of bacteria is extremely interesting. 
Marshall (9) and his associates have made extensive studies of 
this subject, w^hile Hammer (7) and also Buchanan and Ham- 
mer (2) have observed associative action. 


TABLE 3 

Effect of peptone in milk on the nciivify of Culture as shown hy the examina- 
tion of twenty-four-hour old cultures at S0°C» 


MKDirU i 

ACiniTT 4B 
LACTIC ACID 

VOLATILE ACID- 
ITY, rc. 

NaOH NEir- 

TRALIZED BY 
1000 cc DIBTIL- 
LATE FROM 250 
ORAMS OP 
CULTURE 

BACTERIA 
PER CUBIC 
CENTI- 
METER 
AFTER 
INOCULA- 
TION 

B.ACTERIA PER 
CUBIC CENTI- 
METER AFTER 
24 HOURS 
INOCULATION 
AT 30“C. 

Skimmed milk* 

per cent 

0 23 

CC. 

7 5 

1 

346,000 

85,000,000 

Skimmed milk and 0.5 per cent 
peptone* 

0 47 

37 1 

163,000 

1 

311,000,000 


* Inoculated with 1 cc. of a twenty-four-hour old culture to 350 cc. of medium. 


Hammer and Bailey (6), in their study of commercial starters, 
isolated two organisms which in combination gave a volatile 
acidity similar to that of the original starter. Each of these 
cultures alone, however, gave a volatile acidity considerably 
below that of the original starter. They also found that the 
acidity, calculated as lactic acid, was increased by the asso- 
ciative action. A similar increase was observed by Storch (12). 

As has been shown the two organisms under discussion in this 
paper acted in a similar manner so far as volatile acidity was con- 
cerned, and the associative action was plainly evident. We 
did not find that the acidity calculated as lactic acid was increased 
to any extent. 
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A few experiments which were tried throw some light on the 
increase in volatile acidity. From the results in table 3 it may 
be seen that when 0.5 per cent peptone was added to skimmed 
milk the acidity was about doubled and the volatile acidity 
increased about five times. The bacterial growth was also much 
more rapid as is shown by the bacteria counts on milk powder 
agar. 

It is seen therefore that associative action with culture “L” 
(Streptococcus lacticus) was not necessary to increase the vola- 
tile acidity when peptone was added to the milk. Evidently 
the skimmed milk did not contain a readily available source of 
nitrogen for culture “A,” which was supplied by the addition 
of a small amount of peptone. On this theory it may be possible 
to explain the associative action of the two cultures by assuming 
that through the growth of culture “L” the complex nitrogenous 
material of the milk was converted into lower forms which were 
more desirable sources of nitrogen for culture “A.” The growth 
of this organism was therefore stimulated and the volatile acidity 
increased. 

SUMMARY 

1. Two cultures of streptococci were isolated from a com- 
mercial starter. These two cultures seemed to be necessary 
in order to reproduce acidity and flavor of the original starter. 

2. One culture was evidently a strain of the Streptococcus 
lacticus group. It produced a high acidity in milk and but 
little volatile acidity. 

3. The other culture seemed to correspond to organisms of 
the Streptococcus kefir type. It produced but little total acidity 
in milk and when grown with the Streptococcus lacticus culture 
produced considerable volatile acid. 

4. Gas was observed in the original starter. This was un- 
doubtedly due to the growth of the organism of the Streptococcus 
kefir type, since when grown with the Streptococcus lacticus 
culture there was a gas formation similar to the original starter. 
It was further observed that carbon dioxide was formed by the 
culture when grown in peptone milk. 
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5. Associative action between the two cultures was very 
noticeable. The results indicated that the Streptococcus lacticus 
t 3 T)e through its growth convert, cd the nitrogenous material of 
the milk into a form more available for the Streptococcus kefir 
type and as a result the growdh of the latter was increased. 

6. The results reported represent a study of only one com- 
mercial starter. It remains to be determined whether the cul- 
tures are the same in all starters. 
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HISTORICAL NOTES ON COTTON SEED AS FOOD^ 

ICIE G. MACY 

From the Sheffield Laboratory of Physiological Chemistry j Yale University , New 

HaveUy Connecticut 

THE USE OF COTTON SEED 

Commercial utilization of cotton seed dates back to the middle 
of the nineteenth century, when the oil was first successfully 
expressed. Up to that time the cultivation of the cotton plant 
was for the cotton alone, the seeds being left to decay and yield 
fertilizer. One of the very early attempts to make use of the 
oil from the cotton plant was that of the Antilles of the British 
West Indies (Du Tertre, 1667) who made oil from the flower of 
the cotton plant and used it as a medicament for old ulcers. 
It was one hundred years or more before people began to investi- 
gate the various oleaginous seeds and to devise methods for 
dividing them into the oil and the oil cake. One of the first 
endeavors was that of the Moravians (Bishop, 1866) at Bethlehem, 
Pennsylvania, who, in 1769-1770, gave exhibits of specimens of 
oil which they had made from various oleaginous seeds. Among 
the exhibits was a sample of cotton seed oil that they had ex- 
pressed from the decorticated seeds at the rate of nine pints of 
oil to a bushel-and-a-half of seeds. At the same time a sample 
of the oil was presented to the American Philosophical Society 
for the purpose of emphasizing the worth of the cotton seeds in 
their oil content. 

The value of the residue, after the oil had been expressed from 
the cotton seed, next became pf interest, especially to the agri- 
culturist. The Royal Society of Arts of London (1783) was the 
first organization to foresee the true value of the cotton seed 
cake; and in the proceedings of that society for 1783 there is the 
following offer: 

* Parts of this paper were taken from the dissertation submitted by loie G. 
Macy for the degree of Doctor of Philosophy, Yale University, 1920. 
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The society being informed that a considerable quantity of oil can 
be obtained from Seeds of Cotton, and that after the expression of the 
oil, the remaining cake will afford a strong and hearty food for cattle; 
and likewis(', that the apparatus for the operation can be applied to the 
mill for sugar canes, and worked in the rainy season, at a moderate 
expense; have resolved, for the foregoing reasons, that the procuring 
oil from the Seed of Cotton is a proper object of a premium, considered 
as an encouragement for planters to the cultivation of cotton, an article 
essentially requisite to increase manufacture of that commodity in this 
country. 

The society therefore offers as follows: 

Oil from cotton seed 

To the planter in any of the British islands of the West Indies, w'ho 
shall express oil from the Seed of Cotton, and make from the remaining 
seed hard and dry cakes, as food for cattle; the gold medal. 

Certificates that not less than one ton of the oil has been expressed, 
and five hundred weight of the cakes obtained, to be produced to the 
society, with two gallons of the oil, and two dozen of the cakes, together 
with a full account of the process, on or before the last Tuesday in 
November, 1785. 

For the next greatest quantity, not less than half a ton of oil, and two 
hundred weight of the cakes; the silver medal. 

The premiums were annually renewed for six years but the 
large quantity required appears to have defeated the object, as 
no awards were made. In 1785 a similar premium was offered 
in this country by the South Carolina Agricultural Society 
(Bishop, 1886). Nevertheless, it was not until 1819 that a patent 
was taken out for the preparation of cattle food from cotton 
seed, and in the following year another was taken out for the 
extraction of oil from the same seed. As a matter of fact the 
oil was not expressed on a conunercial scale imtil the middle of 
the nineteenth century and since then the growth of the industry 
has been phenomenal, particularly in America. A new source of 
profit to the southern cotton planter has been founded in the 
manufacture of cotton seed oil and pressed seed cake from 
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many tons of seeds which had before been valuable only as 
fertilizer. 

The cotton seed cake from which the oil has been expressed 
contains all of the fiber and mineral matter of the seed, the residue 
of oil or fatty material not extracted, and, what gives it special 
value, the nitrogenous constituents. It is stated that one short 
ton of cotton seed, constituting about 40 per cent of the raw 
cotton, will yield 800 pounds of cotton seed cake and 45 gallons 
of crude cotton seed oil. 

After the introduction of cotton seed meal on the market for 
feeding live stock, attention was next directed to the possibilities 
of decorticated cotton seed meal as a food for human beings by 
the late Colonel J. W, Allison, one of the pioneers of the cotton 
seed oil industry in the United States, He put cotton seed 
flour on the market as an article of food for human consumption 
in 1876, Since cotton seed flour contains little or no starch but 
about 54 per cent of crude protein it has been prescribed in 
medical cases where a starch-free diet is necessary, and has been 
used to some extent as a diluent, for wheat flour. Experiments 
on the dietetic value of cotton seed flour for human beings have 
not been carried out for sufficiently long periods of time to 
enable final conclusions to be drawn. 

Preparation of cotton seed products 

The cotton seed kermis are obtained by decorticating the whole 
cotton seeds and freeing them from most of the hulls and lint. 
After the greater portion of the oil has been expressed from the 
kernels, a product known as the cotton seed press cake is obtained. 
This contains all the crude fiber and mineral matter of the seed, 
the residue or the fatty material not extracted, and a large 
quantity of nitrogenous constituents. The press cake is available 
in slab form, or is cracked coarsely or finely, or ground into 
meal. The meed is put through an intricate process of refining 
and bolting to produce the cotton seedj^our. 

Two processes are commonly used in the preparation of cotton 
seed meal. The so-called "cold pressed" meal is made by passing 
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the decorticated kernels through pre-heaters surrounded by steam 
under pressure. The dry kernels are then ground up in a screw 
press to express the oil. In this procedure, heat is generated, 
owing to the great amount of friction in the grinding. In the 
second process, after the whole kernels have been decorticated 
and crushed, the kernels themselves are subjected to steam 
pressure for about thirty minutes. After this treatment they 
are then emptied into the “cake former” where the oil is expressed 
and the residue pressed into cakes. According to Withers and 
Carruth (1918b), the actual temperatures in the hot and cold 
processes do not differ greatly. The cold pressing is really a 
dry pressing rather than a moist pressing. 

The problem involved in the feeding of cotton seed meal 

As soon as the oil from the cotton seeds was expressed in com- 
mercial quantities, the residual oil cake was put on the market 
in vast quantities as a cheap food for cattle, hogs, sheep, and 
oth(^r domestic animals. .Although this commodity has been 
used in the south for many years, it is only within recent years 
that use has been made of it in the north and west. In the 
past a very large proportion of the cotton seed meal produced 
in .America has been exported. The European feeders were the 
first to show their appreciation of this concentrated foodstuff 
as a food; for they were willing to purchase it in this country 
and pay freightage to Europe in order to have it for feeding 
purposes. Ho\vever, when the farmers began using cotton seed 
meal in large quantities difficulty was encountered ; the mortality 
of certain species of animals was increased owing to the so-called 
“cotton seed meal injury.” 

The first published notice dealing with the injurious effects 
of cotton seed meal seems to have been reported in England by 
Voelker in 1859 (Crawford, 1910). Since that time many cases 
have been reported, and for the past forty years vigorous attempts 
have been made to ascertain the direct cause of “cotton seed 
meal injury” and its effect upon the animal organism. Owing 
to the variability of effects on animals consuming similar amounts 
of cotton seed meal, the tardiness in appearance of abnormal 
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symptoms in some cases, and the lack of consistently unif orm 
results, compatible studies are difficult. 

Numerous experiments have been conducted on swine; of all 
the farm live stock these animals are the most sensitive to the 
deleterious effects of cotton seed meal. In the light of our present 
knowledge, hogs may be allowed to eat small quantities for short 
periods of time with profit, but it is never advisable to feed 
growing pigs as a rule on cotton seed meal. 

Among individuals of the same species of animals there is the 
most notable variation in the effects of cotton seed meal upon 
the animal organism. This is particularly true in the case of 
cattle. Milch cows during lactation may feed for prolonged 
periods upon this foodstuff without any deleterious effects; 
steers will fatten for a short time, but if the period is prolonged 
injury results; and many deaths result among young calves. 
Dinwiddie and Short (1911) report that cows as well as other 
live stock possess a relative immunity during lactation. How- 
ever there has been no solution to the problem which will explain 
the difference between susceptibility of fattening cattle and 
young calves. I’ietze (1893) found that calves from nine to 
twelve months are most susceptible. The more recent investi- 
gators advise that cotton seed meal should be fed very sparingly 
and with extreme caution to young calves until more is learned 
concerning its toxicity. Sheep are less sensitive to the ill effects 
of cotton seed meal. Gray and Ridgeway (1910) report feeding 
large amounts to sheep with few fatalities. Other investigators 
have had similar experiences. 

The results of experimenters in feeding cotton seed meal to 
poultry are very diverse. However, the consensus of opinions 
is that it should never be fed in large quantities. Opinions 
differ as to its effect upon pullets developing and coming to laying 
maturity, the effect upon egg 'production, and the loss of flesh. 
Ahrens (1917) reported the mortality of chicks very high on both 
normal and excessive cotton seed meal rations. However, our 
knowledge is very limited as to exact cause of such results. 

Cotton seed meal is most actively toxic to rabbits and guinea 
pigs, as shown by a large number of investigators and also by 
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this author whose data are yet unpublished; while the same 
sample may or may not be injurious w’hen fed to mice and rats. 
No human fatalities have resulted from the use of cotton seed 
flour in so far as I am able to ascertain, perhaps due to a low 
content of the toxic substance gossypol which will be discussed 
later, or because it has not been eaten for long enough periods 
of time or in sufficient amounts to enable final conclusions to 
be drawn as to its dietetic value or possible harmful qualities. 
Since experiments with cotton seed meal on lower animals reveal 
such deleterious properties, it would appear wise to use cotton 
seed flour sparingly until our knowledge regarding the whole 
problem of cotton seed meal injury has been more satisfactorily 
investigated than it has at the present day. 

SPECULATIONS AS TO THE CAUSES OF COTTON SEED MEAL INJURY 

Revleu' of previous work 

Our knowledge is very limited as to the causes of cotton seed 
meal poisoning although it has been a subject for investigation 
for many years. One of the earliest attempts to solve the 
problem w^as made by R. Bcihm (1881) who, in 1881, discovered 
cholin in cotton seed and was the first to suggest the poisonous 
nature of this compound in cattle food prepared from cotton 
seeds. He states having received from a druggist an alcoholic 
extract from a cattle food prepared from cotton seed which had 
been fed as a diet to young cattle in Germany and had proved 
fatally poisonous. From this alcoholic extraction a large prepa- 
ration of cholin was made, and Bohm concluded that only one 
base was present. Nevertheless one year later, in 1882, Ritt- 
hausen and Weger (1884) succeeded in obtaining a very large 
yield of betain. Although betain is nonpoisonous, as was pointed 
out by Gaehtgens,- in 1870, investigators (Wiley) suggested 
that cholin is the original base formed and betain is a secondary 
product, and they presumed that in all cases of cotton seed 


2 Gaehtgens, Dorpater medicin. Zeitschr., 1870, Bd. i. 
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meal poisoning a meal had been fed in which cholin was rela- 
tively more abundant than betam. 

Maxwell (1891) reported a more extensive study of these 
nitrogenous bases, the object being to learn their relative pro- 
portions in cattle food prepared from' cotton seeds and to study 
the physiological effects of cholin. He estimated the mixed 
chlorides of cholin and betain as 0.24 per cent and the propor- 
tions of the two bases as 17.5 and 82.5 per cent, respectively. 
In experiments on cats. Maxwell (1891) foxmd that 0.3 gram of 
the cholin which he had prepared from cotton seed was sufficient 
to paralyze a strong cat and that 0.5 gram would produce imme- 
diate death. 

It has since been shown that cholin does not exert a poisonous 
action upon animals when fed by mouth; however, when injected 
subcutaneously it has toxic properties. Moreover the toxic 
action of cotton seed meal docs not induce the clinical symptoms 
and pathological lesions that correspond to the poisonous action 
of cholin. As a matter of fact. Von Hoesslin (1906) reported a 
series of experiments in which he found the chlorate of cholin 
much more toxic than the cholin alone; furthermore 2 grams of 
cholin hydrochlorate could be fed by mouth to rabbits with no 
serious results. Thus the quantity of these compounds found in 
cotton seed meal is far too small to account for the toxicity of the 
various cattle foods. 

Brieger (1886) suggested the possibility of cholin decomposing 
into neurin, a toxic compound, but was tmable to demonstrate 
such a conversion. Modrakowski (1908) likewise was led to 
a similar conclusion. Basing his theory on a series of experi- 
ments in which he found freshly prepared cholin to be less toxic 
than old cholin concluded that the symptoms of cotton seed 
meal poisoning result from ptomaines which have a neurin- 
or a muscarin-like action. Friemann (1909) similarly reported 
that ptomain substances are probably formed from the nitrogen- 
containing components of the lecithin in the meal. He also 
su^ested that unsaturated fatty acids present in the fat extracted 
from cotton seed meal have some relation to the sum total of 
the toxic action. 
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An investigation of cotton seed meal with regard to its high 
protein content was made by Tietze (1893). In the summer of 
1893 he investigated several eases in which the death of young 
calves was attributed to the use of cotton seed meal and found 
that the calves received 3 heaping liters of this meal in addition 
to skim milk, hay and linseed cake. The trouble was believed 
to be due to the high protein content of the cotton seed meal. 

A beUef is also prevalent that the harmful effects of cotton 
seed meal as a feeding stuff is due to the fibers therein, and that 
they sometimes cause great trouble in animal feeding by obstruct- 
ing the intestinal tract. The amount of fibers in this particular 
feed may vary from 2 to 25 per cent. However, no cotton 
fibers have been found on autopsy in the intestine of the animals 
which have died of cotton seed poisoning. 

The findings of Nameche (1900) on young cattle, rabbits, a 
goat, cow, and pigs led him to conclude that cotton seed meal 
in itself was not harmful, but that the poisonous properties 
are due to carelessness on the part of the feeders, ignorance in 
the use of cotton seed meal, or a lack of cleanliness. 

Other speculations were made by Zopf (1882) and Von Nathu- 
sius (1885). From their work they attributed the poisonous 
action of cotton seed meal to parasitic organisms found in the 
meal. Edgerton and Alorris (1912) have fed cotton seed meal 
infected with molds that usually grow on the cotton plant to 
rabbits, and guinea pigs, and found that such parasites do not 
increase the toxicity of cotton seed meal. 

In 1903 Konig, Spickermann, and Olig reported a very complete 
study on the decomposition products of cotton seed meal by 
different sorts of microorganisms. They found that all the 
organisms investigated gave similar physiological effects, were 
affected by the composition of the meal, and by the air supply. 
All the bacteria that attacks the proteins of cotton seed meal 
cause the following cleavage products; albumose, peptone, 
amines, volatile fatty acids such as butyiic and valeric acids, 
aromatic acids as phenylacetic and phenylpropionic acids, succinic 
acid, skatolcarbonic acid, aromatic oxyacid, indol, skatol. 
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phenol, ammonia, carbon dioxide, and volatile sulphur compounds. 
However, at no stage of decomposition of cotton seed meal, the 
authors conclude, were poisonous substances formed by bacteria 
commonly present as shown by physiological experiments. 

Barnett (1909), in studying the effect of cotton seed meal 
fed in large quantities to dairy cattle, obtained results which 
point to the fact that this material contains a specific toxin 
affecting, firstly, the lymphatic glands draining the digestive 
tract, and secondly, the lungs. 

The injury resulting from the feeding of cotton seed meal 
has been attributed to oil content. Lendrich (1908) found that 
rabbits became emaciated when cotton seed meal Avas admin- 
istered daily. Even though Cowie and Munson* alleged that 
the administration of oil interfered with digestion in man, 
this alone could not explain the toxicity of cotton seed meal. 
Alsberg and Schwartze (1919) in their recent pharmacological 
studies of gossypol, a phenolic compound found in cotton seed, 
administered this compound in oily solution by stomach tube 
to rats. Even small doses were fatal; for the animals died a few 
days later. Post mortem examination revealed the fact that 
both the oil and the gossypols still remained in the stomach, for 
both were re-isolated. Evidently either the oil or gossypol or 
perhaps both interfered with digestion. Gossypol will be dis- 
cussed at length later in the paper. 

Many speculations have been made as to the poisonous action 
of the compounds of phosphorus contained in cotton seed meal, 
inasmuch as phosphorus is such an important constituent, as 
has long been recognized. In 1890 Dancy (1890) called attention 
to the fact that phosphoric acid acted differently from ortho- 
phosphoric acid.* This was followed up by Harding (1892) 
who suggested that some of the peculiar, and in certain cases 
injurious and even fatal effects produced by the use of cotton 
seed and cotton seed meal as feeding stuffs may be due, in a 

3 Cowie, D. M., and Munson, J, F, Archives Internal Med., 1908, i, 61. 

^ Starkenstein, Biochem. Zeitsch., 1911, xxxii, 243, has demonstrated that 
orthophosphoric acid to be only slightly toxic. 
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measure at least, to the presence of meta- and p 3 To-compounds,® 
but no experimental data are given to ratify his belief. 

Cravdord (1910) in studying the toxicity of cotton seed meal 
on rabbits concluded that the chief poisonous principle is a salt 
of pyrophosphoric acid. The fact that some meals are more 
toxic than others was thought to be due to the conversion of 
ortho- into the meta- and pyrophosphoric acids by the heat 
during the process of manufacture. 

Other investigators reported experiments to prove that the 
phosphoric acids are not the cause of cotton seed meal injury. 
In a series of investigations which extended over a period of 
two years, Edgerton and JNlorris (1912) found no evidence 
whatsoever that pyrophosphoric acid had anything to do with 
the poisoning. In the same year Rather (1912), after a study 
of the forms of phosphorus in cotton seed meal by various extrac- 
tion processes, stated that there is no evidence that cotton seed 
meal injury is due to either pyro- or metaphosphoric acids. 

Withers and Ray (1913) conducted an extensive series of 
experiments in which particular attention was laid on the phos- 
phoric acid content. Rabbits were fed cotton seed meal, aqueous 
extracts, pepsin-pancreatin digestion products, residue after 
ammonium citrate extraction, and finally amounts of pure 
sodium pjTophosphate corresponding to that in the cotton seed 
meal. 'Fhese investigators found that the pepsin-pancreatin 
extract is non-toxic to rabbits under ordinary conditions of 
feeding. The residue undigested by pepsin-pancreatin is more 
toxic than the material made soluble by digestion and is defi- 
nitely harmful when fed in normal amounts A meal maj' prove 
to be poisonous upon experimentation but still contain a non- 
toxic amount of the pyrophosphoric acid salts. This investi- 
gation proves quite conclusively that under ordinary conditions, 
the pyrophosphoric acid is not responsible for the toxicity of 
cotton seed meal. 

* Gamgee, Priestley, and Larmuth, Jour. Anat. and Phisol., 1876, ii, 255, had 
previously demonstrated that sodium meta- and pyro- phosphates were very 
toxic to rabbits when injected into the animal but not toxic when fed by mouth. 
This was later corroborated by Schultz. Arch. Exper. Pathol., 1884, xviii, 174, 
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The work of Withers and Ray (1913) was corroborated by 
Symes and Gardner (1915) in their study of the toxicity of 
sodium pyrophosphate administered in food to rabbits, rats, 
and cats. Cotton seed meal proved fatal to rats when fed as 
/ an exclusive diet; even 5 grams of cotton seed meal per head 
daily supplemented with oats and bran were fatal; similarly meal 
after previous extraction with alcohol and ether, fed with oats 
and bran caused death, though not so early. The PaOa content 
of the cotton seed meal amounted to 0.022 gram in the daily 
ration, a quantity which corresponds to 0.07 gram of sodium 
pyrophosphate, less than one-seventh of the quantity tolerated 
by rats which consumed daily 0.5 gram per head of crystalline 
sodium p 3 rrophosphate for a period of 9 weeks without harm. 
The experimenters (Symes and Gardner, 1915) concluded that 
since the toxicity can be reduced by extraction with alcohol 
and ether and the phosphate is present in such small quantities 
the chief poison of the meal is not pyrophosphate. 

Anderson (1912) described the isolation of an unidentified 
phosphoric acid from cotton seed meal and its decomposition 
into inositol and phosphoric acid when heated in a sealed tube. 
The aqueous solution of the free acid gave all those reactions 
which have been attributed previously to the presence of pyro- 
and metaphosphoric acids in cotton seed meal. When it was 
given in 0.5 and 1 gram doses to rabbits symptoms of distress 
were produced, but the animals recovered their normal appear- 
ance in two or three hours. There is no conclusive evidence 
that this particular phosphoric acid is the cause of cotton seed 
meal injury. 

In 1915 two theories arose, firstly, that cotton seed meal 
poisoning is a deficiency disease, as set forth by Rommel and 
Vedder (1915) and later supported by Wells and Ewing (1916); 
secondly, that it is due to a defifiite phenolic compound, gossypol, 
found in cotton seed meal, as shown by Withers and Carruth 
(1915). 

Is cotton seed meal injury a deficiency disease f 

Rommel and Vedder (1915), basing their conclusions upon the 
similarity of post mortem observations on pigs that died of 
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cotton seed meal poisoning with those of beriberi on man, believe 
“that the so-called cotton seed poisoning of pigs is a deficiency 
disease, analagous to the disease known as beriberi in man, if 
not identical with it. Acute cotton seed poisoning corresponds 
to wet beriberi, and the chronic form to dry beriberi. The 
cause of the so-called cotton seed poisoning is probably a defi- 
ciency in the ration. ” These investigators fed pigs upon polished 
rice, a ration deficient in vitamine, and a disease resembling 
beriberi in man resulted. They believe that pigs develop this 
deficiency disease as do human beings, but much more quickly. 
The symptoms and post, mortem observations on the pigs that 
had died on the polished rice were very similar to those that had 
died of cotton seed meal poisoning. The following explanation 
of the condition was offered: 

The grain with which tlie cotton seed meal is most frequently com- 
bined is com. Com is notoriously deficient as a single feed for animals, 
and it must be properlj'^ balanced to be fed satisfactorily. The excellent 
results in feeding pigs which can be obtained from rations of corn meal 
and skim milk or other animal products, such as tankage, blood meal, 
fish meal, etc., are out of all proportion to the facts indicated by the 
conventional chemical analyses of protein, carbohydrate, and fat. 
When corn meal is fed with cotton seed meal, a combination is made of 
two feeds both of which are deficient. 

The writers do not commit themselves further as to what 
component is lacking in cotton seed meal. 

Wells and Ewing (1916), after feeding diets of cotton seed 
meal with sugar, starch and a little milk to very young pigs, 
concluded that the meal was an incomplete food; expres§ed in 
their own words, 

This is true even when it is fed with sugar and starch to a wide nutri- 
tive ratio. Pigs upon an absolute maintenance diet ate in addition 
only small quantities of cotton seed meal and were not injured by it. 
So-called cotton seed meal injury is due in large part to inadequate diet. 

Gossypol, a toxic substance in cotton seed 

Euhlmann (1861) showed that cotton flower as well as other 
portions of the cotton plant contained a yellow dye which, by 
action of acids, is converted into the so-called “cottonseed blue.” 
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This was further examined by Marchlewski (1899) who isolated 
a crystalline product by purifying the phenolic constituents of 
cotton seed oil by repeated fractionation from acetic acid solution. 
To this golden crystalline substance, he gave the name gossypol, 
on account of its source and phenol properties. It dissolves in 
ordinary fat solvents. Withers and Carruth (1915) have isolated 
it from cotton seed kernels and found it to be very toxic to rab- 
bits, rats, guinea-pigs, and pigs whether fed in the form of gossy- 
pol acetate, crystalline gossypol, or gossypol-containing extract. 
The same investigators (1918a) found that cotton seed kernels 
contain about 0.6 per cent gossypol; ether extraction renders the 
kernels non-toxic to rats and gives a highly toxic extract con- 
taining about 2 per cent goss 3 T)ol. 

Goss 3 rpol is quickly oxidized in solution of sodium hydroxide 
as shown by Marchlewski (1899) and later corroborated by 
Withers and Carruth (1915). The latter experimenters state 
that alcoholic-alkaline treatment very greatly diminishes, if it 
does not entirely remove, the toxic properties of cotton seed 
meal, owing to the oxidation of gossjT)ol into a non-toxic 
substance. 

Carruth (1918) in his work on the chemistry of gossypol, was 
able to isolate only very small traces of gossypol, as such, in 
certain cotton seed meals, yet the food products were definitely 
injurious to rabbits and pigs, but he isolated an oxidized product 
which he called ‘‘D” gossypol, the source of which is explained 
by the fact that during the process of manufacture of the meal 
from the kernels, gossypol is converted into “D” gossypol. This 
modified form is toxic to rabbits and swine but has little action 
on rats. Here a conspicuous feature of indefiniteness and unlike 
response of different species arises. Why should rabbits and 
swine not only respond to the gossypol in the kernels but also 
to the altered goss 3 T)ol in thfe cotton seed meal, while rats 
are not affected by the latter? Many attempts have been made 
to render cotton seed meal non toxic, but none have been suc- 
cessful for all species alike. Withers and Ray (1913) found that 
boiling with alcoholic alkali was the most successful method of 
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treatment. This seems to be the only process out of a large 
number that rendered the meal harmless. 

Withers and Brewster (1913) fed iron salts, copperas and 
ammonium citrate with cotton seed meal and found that the 
toxic factor was more or less inhibited in the case of rabbits and 
swine. After eliminating the toxic factor their results show no 
evidence of nutritive deficiency in cotton seed meal great enough 
to produce failure in a relatively short period. 

By thus controlling the toxic factor, it is shown that cotton .seed 
injury is not due to a lack of “vitamines” or to deficiency in calcium, 
sodium, and chlorine. 

Heat under various conditions and temperature has been 
used as a detoxicating agent; moist heat at high temperature 
being the most satisfactory method up to the present time for 
rendering cotton seed less harmful. In general the toxic proper- 
ties are rendered less injurious by heat, but as yet no method has 
been devised in which meal has been made entirely harmless to 
all species alike. 

The most recent report on gossypol is by Alsberg and Schwartze 
(1919) who studied its pharmacological action after injection 
into cats, rabbits, and rats. They found that death from this 
substance was either due to circulatorj'^ failure, pulmonary 
edema, or cachexia and inanition. However, the action of the 
isolated gossypol deserves further investigation. 

Variations in effects from cotton seed foods 

The results of investigators in their studies of cotton seed 
foods are not constant owing in part to the notable variations 
in effects upon live stock; even animals of the same species 
respond at different times with unlike symptoms although they 
consume similar quantities of the same food. Other difficulties 
are encountered. The degree of toxicity of cotton seeds depend 
upon the variety of seed, and upon the climate and soil in which 
they are grown. And again, the meal, made from the kernels, 
is greatly altered by the treatment in the process of manu- 
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facture. There is uncertainty as to the degree of the respon- 
sibility of gossypol for the toxicity, as results of investigators 
differ. All such factors lend difficulty to the study of the effects 
of cotton seed foods and render the present status of the problem 
uncertain.® 
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DAIRY NOTES 

J. W. HENDRICI^ON 
University of NebraskOy Lincoln, Nebraska 
RESIGNATIONS 

Prof. J. H. Frandsen, for the past ten years in charge of the depart- 
ment of dairj’^ husbandry of the University of Nebraska, resigned March 
1 to become dairy editor and counsellor for the Capper Farm Press of 
Topeka, Kansas which includes the following publications: Kansas 
Farmer and Mail and Breeze, Missouri Ruralist, Nebraska Farm 
Journal, Oklahoma Farmer, Field and Farm, Capper^s Farmer. Pro- 
fessor Frandsen will continue his residence at 1401 North 33rd Street, 
lincoln, Nebraska. 

Before coming to Nebraska, jVIr. Frandsen v as professor of dairying 
at the University of Idaho and previous to that time had been engaged 
in commercial work. 

Nebraska’s Dairy Department has made very marked progress dur- 
ing the past ten years. It is now housed in what is considered one of 
the best and most completely equipped buildings in the country. The 
dairy herd has reached a stage of development in production that has 
reflected much credit upon the entire institution. 

Dr. Roscoc H. Shaw, after fourteen years of service, has resigned 
as research chemist of the United States Dairy Division in Washington, 
D. C., to accept the position of chemist and manager of the scientific 
department of Louis F. Nafis, Inc., of Chicago, manufacturers of sci- 
entific glass apparatus for testing milk and its products. 

He has held positions on the faculties of the University of Wisconsin 
(where he was assistant to Dr. Babcock), the Kansas Agricultural Col- 
lege and the University of Nebraska. 

Dr. Shaw is the inventor of several tests used in the dairy industry; 
the best known of these is the Shaw fat test for determining the per- 
centage of fat in butter, others being a special purpose lactometer for 
use in calculating total solids in milk and a rapid acidity test for grading 
milk. 


DAIRY DIRECTORY 

In collecting dairy notes of interest to the readers of the Journal op 
Dairy Science, a letter was mailed to each department of dairy hus- 
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bandry in the United States asking for a list of the instructional staff of 
each institution. From these replies we are pleased to submit the 
following summary, which is incomplete in total of dairy departments 
and some of the missing details. Errors may not be always avoided and 
if any have been made in this summary we will be glad to stand 
corrected. 

Should the readers of the Journal be interested in continuing this 
as a condensed directory, it may help to know who's who in dairying. 


ALABA&CA 

Experiment StatioUf Auburn, Alabama 


NAME 

HANK 

DUTIES OB TITLE 

DEGREES 

TEARS IN 
POSITION 

Eaton, W. H 



B.S. 

3 

Baker, K. G 



B.S. 

2 

Burns, F. W 



B.S. 

3 

Burleson, G. L 



B.S. 

3 

Lauderdale, A. A 



B.S. 

1 

Grimes, J. C 

1 

i 

i 


M.s. ; 

1 


ARIZONA 


College of Agriculture, Tucson, Arizona 


Cunningham, W. S . . . 

Professor 


B.S. 

Davis, R. N 

Assistant profes- 


B.S. 


sor 



Burrows, J. F 

Fellow assistant 


I 


ARKANSAS 

College of Agriculture, Fayetteville, Arkansas 


Dvorachek, H. E 

Professor 


B.S.A. 

Mason, R. H 

Assistant Profes- 


B.S.A. 


sor 




CALIFORNIA 


State University Farm, Davis, California 


1 

Roadhouse, C. L 

Professor 


D.V.M. 

4 

Turnbow, G. D 

Assistant profes- 
sor 


B.S.A., 

M.S. 

1 

Marquardt, J. C 

Instructor 


B.S. 

4 
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rOLORADO 


State Agncvltvral College, Fori Collins, Colorado 


N/VMF 

RANK 

Dl’TlES OR TITLE 

DEORVEB 

YEARS IN 
POSITION 

Morton, Geo. E 

Nevius, H. C 

Professor 

Deputy dairy 
commissioner 

Head of depart- 
ment animal 
husbandry and 
state dairy 
commissioner 

B.S. 

B.S. 



CONNECTICUT 

Connecticut Agricultural College, Starrs, Connecticut 


White, G. C 

Professor 

Professor of dai- 
rying 

B.S., 

A.M. 

8 

Fisher, R. C 

Professor 

Associate profes- 
sor of dairying 

B.S., 

A.B. 

2 

Chapman, L. M 

Assistant dairy 
husbandman 


B.S. 

1 

3 

Campbell, P. A 

1 

Dairy extension 

B.S., 

A.M. 1 

! 

1 


DELAWARE 


Delaware College and Agricultural Experiment Station, Newark, Delaware 


Baker, T. A 

Professor 


B.S. 

2 

Williams, Allan C 

Instructor 


B.S. 

1 

Stretch, B. W 

Stockman and in- 





structor 



3 


FLORIDA 


University of Florida, Gainesville, Florida 


Willoughby, C. H . . . . 

Professor 

Professor of ani- 
mal husbandry 
and dairy hus- 
bandry 

B.S. 

9 

Scott, John M 

1 

Dairy extension 

B.S. 

16 
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GEORGIA 


^iate Vniversityj Athens, Georgia 


KAM£ 

K <.NK 

DL’TIF^l on TITLE 

j DEGKEE8 

YKATtH IN 
POSITION 

Jarnagin, M. P 

I’rofcBSor 

Professor of dai- 

B.S.A. 


Bennett, F. W 

Fitch, Frank W 

Marlatt, Leo H 

Assc^ciate j>rof(‘S- 
B<.r 

Field agent in 
dairying 
Speeialist in 
cheese produc- 
tion 

rying and ani- 
mal husbandry 

B.S.A. 

B.S.A. 



INDIANA 


Purdue University, Lafayette, Indiana 


Gregory, II. W 

Professor 

Chief of Dairying 

M.S. 

4 

Fairchild, L. H 

Assistant profes- 
sor of dairying 


B.S. 

2 

Lucas, P, S 

Assistant profes- 
sor 


B.S. 

1 

Fleisher 

Instructor , 


B.S. 

1 

Leicndeckcr, E. H , . , 

Instructor 


B.S. 

1 

Spitzer, Geo 

Associate in 
chemistry 


B.S. 

13 

P:pple, Wm. F 

Assistant in 
chemistry 


B.S. 

11 

George, C. R 

Associate 

Extension 

B.S. 

6 

Canan, R. D 

Assistant 

Dairy extension 

B.S. 

2 


IOWA 


Iowa ^tate College, Aines, Iowa 


Mortensen, M 

Professor 

Professor of dai- 

B.S.A. 

12 



rying 



Hammer, B. W 

Professor 


B.S.A. 

10 

Iverson, C. A 

Assistant profes- 


M.S. 

3 


sor 




Goss, E. F 

Associate profes- 


M.S. 

2 


sor 




Wenger, J. C 

Instructor 


1 B.S. 

2 

Hm*e, F. C 

Instructor 



1 

Neasham, R. L 

Instructor 


B.S. 

1 

Pearce, S. J 

Instructor 


M.S. 


Cordes, W. A 

Instructor 


M.S. 

2 
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KENTUCKY 


I 'niversity of Kentucky y Lexington, Kentucky 


ffAME 

RANK 

DUTIES OR TITLE 

DEGREES 

,T .T 

Professor 


M.S.A. 

D?^.rk;mn,n, J. O 

Instructor 


B.R. 

Prcwittj E. ]M 

Extension 

B.S. 

J- VV . . * 

Superintendent 
of dairy 
Superintendent 
official testing 

Mason, John G 


B.S. 




LOUISIANA 


State University y Baton Rouge, Louisiana 


Cadwallader, J. M. . . . 

Professor 

Professor of dai- 




rying 


Staples, C. H 


Dairy extension 


Jefferson, E. C 

Assistant 

Dairy specialist 



MAINE 


University of Maine, Orono, Maine 


Corbett, L. S 

Professor I 

j 

Professor of dai- 
rying and ani- 
mal industry 


7 

Dorsey, L. M 

Assistant 

Dairy manufac- 
turing 


4 


MABTLAND 


State CMege, College Park, Maryland 


Gamble, James A . . . . 

Professor 

Professor of dai- 

M.S. 

2 



rying 




MINNESOTA 


University Farm, SU Paul, Minnesota 


Eckles, G. H 

Professor 

Chief of division 

M.S., 

D.Sc. 

2 

Palmer, L. S 

Associate 

Dairy ohemiat 

Ph.D. 

2 

Keithley, J. R 

Professor 

Dairy products 

M.S. 

1 

Fohrman, M. H . . . . 

Assistant 

Official tester 

A.M. 

1 

Rayburn, A. B 

Assistant 

Dairy production 

B.Sc. 

2 

Macy, H 

Assistant 

Dairy bacteriol- 
ogy 

B.Sc. 

i - - . 

2 
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MICHIGAN 

Michigan Agricultural College, East Lansing, Michigan 


KA^MS 

RANK 

Burnett, J. E 

Associate 

Goodwin, O. T 

Associate 

Kiddell 

Assistant 

Howland, Arthur 

Brownell 

Assistant 

Kurtz, Wm. J 

Hint, Elmer B 

Superintendent 

Kellner, Hilda 

Instructor 


DDTIBH OR TITLE 

DEGREES 

TEARS IN 
posrriON 

Dairying 

M.S. 

5 

Dairy manufac- 

B.S. 

2 

turing 



Research 

B.S. 

7 

Field accountant 


1 

Research 

B.S. 

4 

Field accountant 

B.S. 

2 

Official testing 

B.S. 

1 



1 


MISSISSIPPI 


Mississippi Agricultural College, Agricultural College, Mississippi 


Moore, J. S 

Professor 

Dairying 

M.S. 

20 

Herzer, F. H 

Associate 

Dairying 

B.S. 

1 

Higgins, L. A 


Dairy extension 

B.S. 

5 

Brintnall, Earl 


Dairy investiga- 
tor 

B.S. 

1 

Ferguson, H. C 


Dairy extension 

B.S. 

1 

McGowan, W. G 

Stone, H, C 

Crumpton, Dr. J. W. . 

Manager 

Dairy extension 
Dairy herdsman 
Cooperative 
creamery 

B.S. 

1 

Nichols 


Buttermaker 

B.S. 

1 

I 


MISSOURI 


University of Missouri, Columbia, Missouri 


Ragsdale, A. C 

Professor 

Dairying 

B.S. 

6 

Sweet, W. W 

Associate profes- 
sor 


A.M. 

5 

Reid, Wm. H. E 

Assistant profes- 
sor 


A.M. 

2 

Brody, S 

Assistant profes- 
sor 


M.A. 

1 

Turner, Chas. W 

Nelson, D. H 

Instructor 

Assistant 


B.S. 

B.S. 

2 


MONTANA 

University of Montana, Bozeman, Montana 



Professor 


B.S.A. 

6 

Tomspn, W. E 

Extension 

B.S.A. 

2 
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MASSACHUSETTS 

Agricnltural College, Amherst, Massachusetts 


N\ME 


DUTIES OR TITLE 

DEQREBS 

TEARS IN 
POSITION 

Lockwood; Vr. P. B. . , 

! 

Professor 

Professor of dai- 
rying 

M,Sc. 

12 

.Judkins, H, F 

Professor 


B.Sc. 

1 

Y axis, T. G 

Assistant profes- 
sor 


M.Sc. 

1 

Upton, G. E 

Instructor 


B.Sc. 

1 

Pendleton, H. F 

Sheflield, A 

Instructor 

Superintendent 
of manufac- 
j turing 

B.Sc. 

7 mo. 

8 mo. 


NEW HAMPSHIRE 


Experiment Station, Durham, New Hampshire 


Fuller, J. M 

Professor 

Dairying 

B.S. 

4 

Depew, H. F 

Assistant profes- 


B.S, 



sor i 




Huggins, B. E 

Instructor 



U 


NEW JERSEY 

Agricultural Experiment Station, New Brunswick, New Jersey 


Regan, William M — 

Professor 


M.S. i 

3 

Button, Forrest C 

Assistant profes- 


B.S. 

2 


sor 




Mead, S. W 

Assistant dairy 
husbandman 


M.S. 





Bartlett, John W 

Extension spe- 


B.S. 

5 


cialist 




Roberts, Stanley B . . . 

Assistant dairy 



1 


specialist 




Robbers, Walter R. . . 

Charge of official 



2 


testing 





NEW MEXICO 

State College, State College, New Mexico 



Cunningham, Omar C. 

Professor 


B.S.A. 

2 
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NEBRASKA 

University of Nebraska, Lincoln, Nebraska 


KAM£ 

HANK 

r>LT!EB OH TITLE 

DEGREES 

YEARS TK 
POSITION 

Hendrickson, J. W. . . 

Assistant profes- 
sor 

Dairy production 
and acting 
chairman 

M.A. 

3 

Luitlily, J. A 

Assistant profes- 
sor 

Manufacturing 

B.Sc. 

3 

Thompson, B. 11 

Assistant profes- 
sor ^ 

Herd suj)ervisor 

B.Sc. 

4 

La writ son, M. N . . . 1 

Assistant profes- 
sor 

Extension dairy- 
man 

B.Sc. 

2 

Boehr, J. W 

Instructor 

Official testing 

M.8c. 

1 


NEVADA 


University of NeiHula, Reno, Nei'ada 


vSeott, V. E 

Professor of dai- 




Tying 



Nielson, 0 

Herdsman 




NEW YORK 


Cornell University, Ithma, Next' York 


Stocking, \V. A 

Professor 


B.S.A., 

14 




M.S.A. 


Ross, H. E 

Professor 


B.S.A., 

14 




M.S.A. 


Troy, H. C 

Professor 


B.S.A. 1 

8 

Guthrie, E. S 

Professor 


B.A., 

12 




Ph.D. 


Mclnerney, T. J 

Assistant profes- 


B.S.A., 

10 


sor 


M.S.A. 


Jackson, H. C 

Instructor 


B.S., 

5 




M.S. 


Downs, P. A 

Instructor 


B.S. 

2 

Whiting, W. A 

Instructor 


B.S. 

3 

Moon, M. P 

Instructor 


A.M. 

2 

Neville, N. B 

Instructor 


B.S. 

1 

Ayres, W. E 

Extension in- 



6 


structor 




Brew, J. D 

Extension pro- 


B.S. 

1 


fessor 




Price, W, V 

Assistant 


B.S. 

1 

Smith, L. E 

Assistant 



1 

White, W. B 

Assistant 


B.S. 


Perry, R. A 

Instructor 


B.S. 

2 

Robinson, M. B 

Assistant 


B.S. 

1 




274 


DAIRY NOTES 


NORTH DAKOTA 

Agricultural College, Agricultural College, North Dakota 


NAME 

BANK 

DUTIES OB TITLE 

DEORBB8 

TEARS IN 
POSITION 

Oice^ Janies R 

Professor 

• 

A.M. 

1 

Rogers, George B . . . . 

Dairyman 

B.S. 

1 


OHIO 

State University, Columbus, Ohio 


Erf, Oscar 

Professor 


B.S. 

13 

Stoltz, Robert B 

Assistant profes- 
sor 


B.S. 

9 

McKellip, Ivan 

Professor 


M.S. 

6 

Drain, Harry D 

Instructor 


B.S. 

1 

Kochheiser, Don 

Instructor 


B.S. 

2 


OKLAHOMA 


Agricultural Experiment Station, Stillwater, Oklahoma 


Baer, A. C 

Professor 


B.S.A. 

4 

Burke, A. D 

Assistant profes- 
sor 


M.S. 

6 mo. 

Doty, Harold E 


Foreman of dairy 
manufacturing 

B.S. 

1 

Radway, C. W 


Extension dairy- 
man 

B.S. 

2 


OREGON 


Oregon Agricultural College, CorvaUis, Oregon 


Brandt, Phillip M . . . . 

Professor 1 


M.S. 

3 

Chappell, Vincent D. ,j 

Assistant profes- 


M.S. 

3 

Jones, Roy C 

sor 

Associate profes- 


B.S.A. 

6 mo. 

Oolman, Howard N. . . 

sor 

Instructor 


B.S.A. 

1 

Pine, William B 

Fitts, Edward B 

Professor 

Extension 


2 

6 
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PENNSYLVANIA 

Pennsylvania State College, State College, Pennsylvania 


NAUS 

RAKK 

DCTIEB OR TITLE 

DEGREES 

TEARS IN 

posmoK 

Borland, A. A 

Professor 

Professor of dai- 
rying 

M.S. 

6 

Bechdel, S. I 

Associate profes- 
sor 


M.S. 

8 

Hunter, C. A. ... 

Associate profes- 
sor 


M.S. 

4 

Beam, A. L 

Assistant profes- 
sor 


M.S. 

6 

Combs, W. B 

Assistant profes- 
sor 


M.S. 

2 

Swope, W. D 

Instructor 


B.S. 

2 

Mitten, J. W 

Instructor 


B.S. 

5 

K loser, M. M 

Instructor 


B.S. 

2 

Knutsen, M. H 

Instructor 


M.S. 

2 

Simpson, A. C 

I Instructor 


B.S. 

3 

Williams, P, S 

Assistant in- 
.st rue tor 


B.S. 

1 


SOUTH CAROLINA 

Agricultural College, Clem son College, South Carolina 


Fitzpatrick, W. W 

Professor 


B.S. 

Cannon, L. B 

Assistant profes- 


B.S. 


sor 




SOUTH DAKOTA 

State College, Brookings, South Dakota 


Larsen, C 

Wright, T. H., Jr . . . . 

Jones, Horace M 

Johnson, B. L 

Culhane. A. F 

Professor 
Assistant profes- 
sor 

Instructor 

Analyst 

Instructor 


M.S. 

B.S. 

B.S. 

B.S. 

B.S. 

14 

4 

3 

3 

2 

TENNESSEE 

College of Agriculture, Knoxville, Tennessee 


Wylie, C. E 

Professor 


B.S.C., 

4 

Hutton, C. A 

Dairj^ specialist 


A.M. 

B.SC.A. 

6 

Clevenger, W, L 

extension 

Dairy specialist 


B.Sc.A. 

4 

Tobey, G. N . * 

manufacturing 
Cheese specialist 
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TEXAS 

AgrintUural College^ College Station, Texas 


4 ' 

NA.ME 

1 

1 

DirriKS OK TITLE 

DEQBBBS 

YEABE IN 
PO'JtTlON 

Pou, R. L 

Professor 
Associate profes- i 
sor 

Associate profes- 
sor 


i 

1 

2 

8 mo. 

Clutter, J. A 

Darnell, A. Jj 



VERMONT* 

University of Vermont, Burlington, Vermont 


Ellenberger, H. B . . . 

Professor 


Ph.D. 

Newlander, J. A 

Instructor 


B.S. 

Hitchcock, J. A 

Extension dairy 
specialist 


B.S. 

*Jones, V. R 

Instructor in 
butter 


M.S. 

♦Bremer, H. E 

Instructor in 
testing 


B.S. 

♦Lynch, A. D 

Instructor in 
butter 


M.S. 

♦Prayer, J. M 

♦Gorman, George 

♦Dunning, R. G 

•Rand, S. A 

Instructor in dai- | 
ry husbandry 

Instructor in 
cheese 

Instructor in 
testing 

Instructor in me- 
chanics 


B.S. 


WASHINGTON 

State College, Pullman, Washington 


Woodward, E. G ' 

Professor 


A.M. 

3 

Phillips, C. A 

Instructor 


B.S. 

1 

Martin, Fred S 

Superintendent 
of official test- 
ing 


B.S. 

1 


WEST VJRGINIA 

Slate University, Morgantown, West Virginia 


Anthony, Ernest L , . . 

Professor 


B.S.A., 

M.S. 

2 

Henderson, Harry O . . 

Assistant profes- 
sor 


B.S.A., 

M.S. 

1 

Perry, Enos J 

Dairy extension 
specialist 


B.S. 

1 


* The men indicated by the star are special instructors in dairy short courses 
only. 








NEW ANGLES TO THE STARTER-MAKER’S PROBLEM 

B. W. HAMMER 

Dairy Deparlmeni^ Iowa State College ^ AmeSi Iowa 
INTRODUCTION 

Sinre the introduction of starters in 1890 their use has p;radually 
increased until at the ])resent time they are einidoyed in all the 
important ilairy countiies of the world in the manufacture of 
such ])roducts as butter, cheese, and ferment ('d milk di’inks. 

There has been some opposition in the United States during 
the last few years to the use of start(a*s in the manufactun' of 
butter, due x>i'^^umably to the exceptional keeping quality of 
some of the butter made from sweet cream without added starter. 
In the making of butter of a good and uniform quality with a 
high aroma and flavor, however, starters have an important 
place and they seem to be particularly beneficial when the quality 
of the raw material supplied to the butter-maker is not of a 
high grade so that the development of a pleasing aroma and flavor 
becomes very essential. Any disadvantages that starters may 
have, such as causing a rapid deterioration in butter, seem to be 
due to high ripening and accordingly can be quite readily over- 
come. In sections of the country in vhich the use of starters 
had become rather uncommon they are again being employed 
as a means of improving the quality and uniformity of the 
butter manufactured from gathered cream. It is probable that 
in sx:)ite of the opxiosition to them on the part of certain indi- 
viduals starters are more firmly established in the American 
butter industry than ever before. 

THE ACID DEVELOPED IN STARTER 

When milk or cream is inoculated with a starter the most 
significant change that occurs is the development of acid. The 
acids present in fermented milk or cream can conveniently be 
divided into two classes as follows: (1) non-volatile, the most 
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important one being lactic, (2) volatile, acetic acid probably 
being of the niosf. importance. 

Lactic acid has a definite sour taste but is odorless so while it 
influences the taste of fermented milk or cream it cannot directly 
be of iinj)ortancc from the standpoint, of odor. The volatile 
acids have a significant influence on the aroma and flavor of 
fermented milk or cream but they aie of little importance akme 
because the milk constituents have the abilitj' to combine with 
acids ; when hoAvever lactic acid is present., the volatile acids are, 
in part at least, set free find they can then become of direct im- 
portance in the aroma and flavor development. 

The acids present in cream in addition to influencing t he aroma 
and flavor also influence its churnability so that churning occurs 
in a shorter time and, in the case of raw cream, is more exhaustive; 
the non-volatile acids are undoubtedly metre important in this 
connection than the volatile acids since the former are pre.sent 
in the larger amounts. 

The volatile acidity of a starter or a lot of ripened cream is 
very difficult to determine accurately. Hammer and Bailey ha\'e 
used a method consisting of distilling with steam a 2fi0-gram 
sample of the fermented material, after adding L5 cc. of approxi- 
mately N/1 HjSOj, and titrating the first liter of distillate with 
N/10 NaOH using phenolphthakun as an indicator; the results 
are expressed as the number of cubic centimeters of the alkali 
required. By this method onlj' a portion of the A olatile acids 
is secured and it is probable that the per cent of the total ol)- 
tained is not ahvays the same but the method yields results that 
are of significance in studying certain starter pjeblcms. 

The Avork recently done on starters has shown that a good 
well-ripened starter has a more or less definite volatile acidity 
which amounts to from 30 to. 40 when detennined according to 
the method used by Hammer and Bailey. A high Amlatile 
acidity, such as that produced by starters, is, however, no assur- 
ance that the aroma and flavor are satisfactory. Many very 
poor starters yield a high volatile acidity and undoubtedly one 
of the reasons for their poor quahty is that they have developed 
undesirable volatile acids in unusually large amounts. Instead 
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of simply lacking desirable products they contain some that are 
decidedly objectionable. Old sour cream generally has a high 
volatile acidity also, but- the aroma and flavor are ordinarily 
not desirable. It is accordingly evident that while a high vola- 
tile acidity is desiraf)le in a starter the volatile acids must be of 
the right character if the aroma and flavor are to be satisfactory. 

ORGANISMS NECESSARY IN A STARTER 

Hammer and Bailey, Slorcli, and Boekhout and Ott de Vries 
have independently shown that organisms other than Strepto- 
coccus lacticus (the common acid-producing organism) are 
present in starters. Hammer has recently divided the organ- 
isms found associated with S. lacticus in the starters studied by 
him into two types, streptococcus cilrovorus and Streptococcus 
paracitro^T)rus; it is entirely ])ossible that associated organisms 
other than these two definitely characterized types are of impor- 
tance in certain starters but in the starters studied they were 
apparently more common than other forms. 

The associated organisms are of importance mainly in the 
production of volatile acids. Vliile S. citrovorus produces very 
little total acid in milk (usually about 0.25 per cent calculated 
as lactic) it ])roduces ^'olatile acid from the citric acid normally 
present and, when grown in combination with S. lacticus, from 
the lactic acid developed by the latter organism. S. paracitro- 
vorus produces some acid, including lactic, in milk (from 0.39 
to 0.77 ])er cent calculated as lactic) and produces volatile acid 
from the citric acid and probably also fi*oin the lactic acid pro- 
duced by it or by S. lacticus. The development of volatile acid 
in a starter depends largelj^ on the acti\dty of the associated 
organisms since S. lacticus produces only a comparatively^ small 
amount. 

S. lacticus is nearly^ always found in starters in larger numbers 
than the associated organisms and sometimes the latter make up 
only a very small percentage of the total flora. Occasionally^ 
a starter will be found in which S. lacticus is present in smaller 
numbers than the associated organisms but this is very unusual. 
In general S. citrovorus lives longer in old acid milk than S. lac- 
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ticus SO there would seem to be little if any danger of the 
former being lost by the over-ripening of a starter, although the 
activity of both organisms may be seriously interfered with. 

DEVELOPMENT OF STARTER CULTURES 

In the development of starter cultures, attempts have fre- 
quently been made to use S. lacticus alone. In recent trials at 
the Iowa Agricultural Experiment station this organism has 
been carried in pasteurized milk for many generations but the 
aroma and flavor development were unsatisfactory and in agree- 
ment with this only a low volatile acidity was secun^d. S. lac- 
ticus alone produces acid rapidly enough and in siifhcient amounts 
but the cultures always lack the delicate and pleasing aroma and 
flavor found in good starters. Although some S. lacticus cul- 
tures produce unpleasant odors and flavors, the cultures of this 
organism arc often undesirable because of vhat they lack rather 
than because of any definitely objectionable qualities. 

When cultures of S. lacticus are carried under creamery con- 
ditions they sometimes develop into very good starters due to 
their becoming contaminatedi with the associated organisms. 
One of the commercial cultures at one time contained only organ- 
isms of the S. lacticus type but starters obtained it with under 
practical conditions were often satisfactory because of this con- 
tamination. 

Starters of a good quality can be prepared quite readily by 
mixing S. lacticus with one of the associated organisms and carry- 
ing the mixture in the usual way. This has been done repeatedly 
at the Iowa Station and some very good starters have been 
obtained. On the other hand some of the attempts have not 
yielded satisfactory cultures, due to the fact that the organisms 
surviving pasteurization occasionally get a good opportunity for 
grow’th during the developiiient of the first or second transfer. 
The best procedure found was to first grow the bacteria in sterile 
milk to get a considerable amount of culture of actively growing 
organisms; it seemed advisable also to inoculate the associated 
organism at least one day before S. lacticus so that the former 
would have a good opportunity for growth. 
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S. citrovorus and S. paracitrovorus and mixtures of the two 
have been used in combination with S. lacticus in the develop- 
ment of starters, and from the results secured it has been impos- 
sible to determine which was the most satisfactory; all of them 
have given very good starters in some of the trials. 

The volatile acidities, after varying numbers of transfers, of 
10 starters, 2 made with H. lacticus alone and 8 with mixtures of 
S. lacticus and one of the associated organisms, are given in table 


TABI.E I 

Volatile acidities after a number of transfers of S, lacticus alone and mixtures of 
S. lacticus and associated orga7nsms. Room temperature incubation 


START- 

KR 

NrM- j 
DER 


OROiXISNfS CONTAINED 

; TUANSFETt 
1 NUMBER 

AOE OF 
MILK 

DISTILLED 

TOTAL 

ACIDITY 

CALCULA- 
TED AH 
PER CENT 

LACTIC 

ACID 

VOLATILE 

acidity* 




1 

days 



1 

S. 

lacticus 

. ' 28 

5 

0.96 

12.4 

2 

s. 

lacticus 

. , 30 

5 

1.02 

16.3 

3 

s. 

lacticus and 8. citrovorus 

.. 29 

5 

1.14 

40.7 

4 

s. 

lacticus and 8. citrovorus 

29 

4 

1.08 

44.6 

5 

s. 

lacticus and 8. paracitrovorus. . . 

29 

4 

1.04 

35.3 

0 

s. 

lacticus and 8. citrovorus 

.. 30 

4 

l.OG 

46.9 

7 

s. 

lacticus and 8, citrovorus 

..! 13 

5 

1.14 

42.1 

8 

s. 

lacticus and S. paracitrovorus . . 

13 

5 

1.10 

32.6 

9 

8. 

lacticus and 8. citrovorus 

• ! ^ 

5 

1.13 

37.8 

10 

8. 

lacticus and 8. citrovorus 

.. 13 

5 

1.13 

41.7 


* As explained under methods the values given rciiresent the cubic centimeters 
of N/10 NiiOil required to neutralize the first 1000 cc. of distillate secured when a 
260-grani portion of the milk was distilled with steam after the addition of 15 cc. 
of approxiinaleb^ N/1 Il2S()4. 

1. From the results presented it is evident that starters made 
with S. lacticus alone gave a much lower volatile acidity even 
after a considerable number of transfers than starters made with 
mixtures of this organism and one of the associated types; the 
volatile acidities of the mixtures were in general the same as the 
values secured with good starters. The starters made with S. 
lacticus alone wore decidedly lacking in aroma and flavor while 
those made with the mixtures had aromas and flavors essentially 
like a good starter. 
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Table 2 gives the volatile acidities obtained with 2 starters 
(one being made with S. lacticus alone and the other with a 
mixture of S. lacticus and S. citrovorus) after 3, 11, and 15 trans- 
fers. The results in general agree with those given in table 1 
(although the volatile acidity for the S. lacticus starter is unusu- 
ally low) and show that the volatile acidity developed tends to 
be maintained. Table 3 gives the volatile acidities secured with 

TABI.K 2 


Volatile acidity of a starter containivg S. lacticus alone comparul with that of a 
starter containing S. lacticus and S, citrovorus. Room (cinperature ivcuhaiion 


TRANSFER NUMBER 

VOLVTILE ACIDITY OF STARTER FROM ClLTl RE (ONTAININO 

S. laeticus ulone | 

S laeticuB aiul S citrovorus 

1 

4.5 

36.0 

11 1 

4.1 

37.0 

15 

3.1 

.30.4 


TABLE 3 

Volatile acidities of commercial cultures carried in sLcrdizcd and pasteurized milk 
through a number of transfers. Room temperature incuhntiou 


STARTER FROM MANOrACTHREIt C 


STARTLR FROM MAN TFAtTrUER A 


Sterile milk 

Pasteurised milk , 

Sterile milk 

i'u.ste ui ized m il k 

Transfer 

number 

Total 
aridity 
calcula- 
ted as 
per cent 
lactic 
acid 

Volatil€‘ 

acidity 

Trans- 

fer 

number 

Total 
aridity 
calcula- 
ted as 
per c<*nt 
lactic 
and 

Volatile 

aridity 

Trans- 

fer 

number 

I’ofal 
aridity 
calcula- 
ted as 1 
per cent 
lactic 
and 

Volatile 

acidity 

Trans- 

fer 

number 

1 

Total 1 
aridity 
calcula- 
ted as 
pel cent 
lactic 
and 

Volatile 

aridity 

' 3 

1.00 

32.6 

7 

0.89 

33.7 

3 

0.99 

35.3 

3 1 

0.83 

31.4 

0 

0.95 

35.2 

17 

1.08 

30.8 

7 

1.01 

37.9 

6 

0.82 

24.0 

9 

1.04 

35.8 


1 


11 

1,05 

33.1 

8 

0.95 

26.4 










18 

0.93 

32.1 


2 commercial cultures after varying numbers of transfers in 
both sterihzed and pasteurized milk; the results show that a 
high volatile acidity was obtained in both types of milk with 
these cultures through a considerable number of transfers. 

Both S. citrovorus and S. paracitrovorus have a definite re- 
straining action on the growth of S. lacticus. This can readily 
be shown by inoculating either one of the associated organisms 
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into sterile milk and then later inoculating S. lacticus and at 
the same time inoculating an equal amount of an S. lacticus 
culture into sterile milk of the same volume as the first lot. The 
milk containing only S. lacticus will ordinarily curdle much 
quicker than the mixture and this must be attributed to the 
restraining action of the associated organisms on S. lacticus. 
The inhibitory influence of the associated types can be still more 
clearly shown if acid determinations are run at various times. 
It seems reasonable to suppose that this restraining action plays 
a part in starter-making in maintaining the proper balance be- 
tween the organisms so that the associated types will not be 
eliminated by the rapid growth of S. lacticus. 

FURTHER PROOF THAT STARTERS ARE NOT PURE CULTURES OP 

S. LACTICUS 

Although the constant presence of associated organisms in 
good starters and the production of satisfactory starters with 
the usual volatile acidities from mixtures of S. lacticus and 
one of the associated organisms but not from S. lacticus alone is 
very good proof that starters are not pure cultures, other 
evidence is available. 

Lactic acid exists in three forms which are spoken of as d, I, 
and i, the i being a mixture of equal parts of d and 1. S. lacticus 
ordinarily produces d acid and accordingly starters would be 
expected to contain only d lactic acid if they were pure cultures 
of S. lacticus. How'ever starters have been found to contain 
d acid with some i acid so it is evident that organisms other than 
S. lacticus have been active in a starter along with the S. lacticus 
type. 

A culture of S. lacticus shows practically the same percentage 
of its total acid present as volatile acid at various acidities while 
with a starter this percentage increases with an increase in the 
acidity until at the time the acidity has practically ceased to 
increase the percentage is much higher than it ever is with a pure 
cultme of S. lacticus. Table 4 gives data along this line for a 
culture of S. lacticus and for a starter which are illustrative of 
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the conditions found generally. The variation in the per cent 
of the total acidity represented by volatile acidity at different 
times in the development of a starter is good evidence that it 
is not a pure culture and when this is taken in conjunction with 
the practically constant percentage for a pure culture of S. lac- 
ticus the proof is stilt more conclusive. 

TABLE 4 

Relation between volatile and total avidity in a culture of S. laclirus and in a starter. 
Pasteurized milk, 21^0, incubation 


S I.ACTICUS 

8TAKTEII 

Tiino 

elapppd 

fiince 

inoculation 

Total 
acidity 
calculated 
aw per cctit 
lactic acid 

Volatile 

acidity 

Per cent <»f 
total acidity 
rcprcMctitcd 
by volatile 
acidity 

Time 
ehi psed 
binco 

inoculation 

Total 
u(‘idity 
calculated 
aa per cent 
liictii* acid 

Volatile 

acidity 

Per cent of 
total acidity 
icprcHfMited 
by volatile 
acidity 

/toun 




houri> 




20 

0.66 

7.5 

4.1 

15 

0 68 

7.5 

3.9 

23 

0 72 

6.3 

3.2 

16 

0 76 

10.0 

4.7 

39 

0.81 

8.1 

3 6 

17 

0.81 

11.9 

5.3 





18 

0.84 

15.2 

6.5 


j 



19 

0 86 

17.1 

7.2 





20 

0.88 

21.5 

8.8 





21 

0.91 

26.0 

10.2 





22 

0.93 

28.3 

11.0 





39 

1 10 

84.5 

11.3 


VARIATIONS IN THE VOLATILE ACID PRODUCTION OF STARTERS 

With different starters the per cent of the total acidity repre- 
sented by volatile acid at any given acid content shows con- 
siderable variation. This is presumably due to variations in 
the comparative growth of 8. lacticus and the associated type 
and is one of the reasons why the aroma and flavor of good starters 
are not always equally satisfactory. In some cases the per cent 
of the total acidity represented by volatile acidity was found to 
be about as great at the acidities to which stai-ters are usually 
ripened (0.7 to 0.9 per cent calculated as lactic acid) as at higher 
acidities while in other cases it was not. This situation suggests 
the possibility of developing starters that will have a high vola- 
tile acidity at a comparatively low total acidity since this should 
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result in butter with plenty of aroma and flavor and at the same 
time with better keeping qualities than if a high total acidity 
had been secured, since a high acidity probably greatl 3 ' favors 
deterioration. The use of S. citrovorus in combination with 
8. factious cultures that have been selected on the basis of their 
total acid production may make this possible. Preliminary ex- 
periments have shown that starters can be prepared that do 
not quickly show an over-ripe condition as is the case with 
many starters that are otherwise excellent. 

TEAIPERATURE OE GROW'TH OF THE ASSOCIATED TYPES 

S. citrovorus does not grow at 37°C. (98.G°F.) while 8. para- 
citrovorus does. The extreme sensitiveness of 8. citrovorus, 
which is the more common of the associat iid organisms, to a tem- 
perature that ordinarily is very favorable for the growth of organ- 
isms is of a great deal of significance to the starter-maker. It 
indicates that temperatures not properly adjusted may be the 
cause of unsatisfactory results with starters because they tend 
to destroy the balance between the organisms which mu.st be 
maintained if a good flavor and aroma are to be secured. A 
starter carried at a temperature too high for the growth of S. 
citrovorus has a flavor and aroma essentially" like that of a culture 
of S. lacticus and also a low volatile acidity. 

THE PROBLEM OF MAKING A GOOD STARTER 

With definite proof that good starters must contain at least 
two organisms, the problem of the starter-maker becomes more 
clearly defined. The carrying of a starter is not a question of 
making conditions favorable for the growth of one organism and 
eliminating all others but it is a problem of maintaining a deli- 
cate balance between two organisms. The delicate l)alance 
is necessary if the aroma and flavor producing materials are to be 
developed in the proper amounts and the most satisfactory com- 
bination. When it is definitely realized that maintaining this 
balance is a big task and thai many factors can influence it the 
problem of the starter-maker will be on a more understandable 
basis. 



THE llELATION BETWEEN GRADE CLAIMED AND 
ACTUAL GRADE OF BUTTER PURCHASED IN 
THE RETAIL MARKET 

GKORGE F. REDDISH 

Department of Bacteriology, Yale University, New Haven, Connecticut 

The prices paid for foodstuffs in the retail markets are justly- 
assumed by the consumer to be based on either quality or food 
value. On certain kinds of food the differences in food value are 
too slight to warrant differences in price. In such cases he 
assumes the price to vary according to qualit y primarily. Biitter 
is a good example of this group. In the larger wholesale markets 
butter is generally sold on the basis of grade or qualitj' as deter- 
mined by score. Such grading systems are made officially by 
produce exchanges and wholesale “butter boards’’ in the large 
cities which are centers of the produce trade. In distributing to 
the consumer, howeviu-, the retailer usually bases his price on 
what he pays to the jobber or wholesaler rather than upon recog- 
nized standards of quality. There thus frecjuently comes to be 
some disparity between the price paid by tlie consumer and the 
actual quality of the product as determined by score. This 
condition may' again be complicated by the number of dealers 
interi>osed between the large produce market and the actual 
retailer, so that the final selling price sometimes seems to have 
but little relation to the grade established by the official scorer. 
In a series of butter samples collected for another purpose, so 
great divergence was found between price paid and the score 
that the collection of further samples were made to include as 
many brands as possible. Each of these samples was scored by 
a competent butter scorer, arid the price, score and comments of 
the judge -w'ere tabulated with further data resulting from the 
examination. The contrast of the quality claimed and price paid 
with the quality found seems sufficiently important to present 
separately. 
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In all, 73 samples of butter were purchased in the retail markets 
of 3 different cities, between June 7 and September 28, 1920. 
These butters were bought from retailers catering to every class 
of trade. Of 73 samjiles of butter bought 60 Avere claimed by 
the retailer to be first grade, 6 to be second grade, 2 to be “good 
butter,” 2 to be “process” or “renoA’ated,” 1 country butter, 
and for 2 no grade at all was claimed. The accompanying table 
gh'es the sample numbers of the butter, dates of purchase, score, 
comments of scorer, grade claimed by the retailer, comments of 
retailer, rei ail price per jiound, and wholesale price per pound of 
the particular grade or score on the wholesale butter market of 
Ncav York for Ihe day on which each sample aa rs purchased. Of 
the 73 samples of liutfer, 0 scored 93 and aboA^e, 14 scored 91 or 
92, 22 scored 89 or 90, 17 scored 87 or 88, and 14 scored 86 and 
beloAA’. One of the last group was found “not fit to score.” 

There is a marked contrast betAAeen the grade claimed by the 
retailer and the actual grade according to the judgment of an 
expert butter scorer. 'I'liis contrast aa rs so marked in some cases 
that A'ery loAv-grade butter was sold as first-grade by the retailer, 
'riie price charged for such liutters Avas alAA'ays in keeping Avith 
the quality claimed, Avhich means that the prices of high-grade 
butters A\cre jiaid by th(^ consumer for loAA’er-grade products. 
In one case a butter claimed to be first grade and sold for 70 cents 
a i)ound was characterizeil as “not fit to score” by the butter 
scorer. 

Not only Avere the grades claimed by the retailer misleading, 
but the prices charged did not bear any relation to the AA'hole- 
sale price of each commercial grade as detonnined by score. But- 
ter which on the wholesale market of Ncaa' York would sell at 
49 cents per pound Avas sold retail for 70 cents per pound, whereas 
butter which would sell at 58J cents per pound Avholesale was 
sold in one market for 65 cents per pound retail. Other examples 
of this inconsistency are shown in the table. Butters numbered 
1 to 46 show a greater divergence in this respect than butters 
numbered 57 to 73 from a different city, but quite the same or 
better condition than those from the third city numbered 47 to 
56. This is to be expected in view of the fact that the retail 
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markets of that city are in close contact with wholesale markets 
and can obtain butter at short notice. In the other two markets, 
the butter is not so fresh, in most cases, and the quality at time 
of purchase may be due in part to being held for considerable 
periods at temperature higher than those of cold storage. How- 
ever, this fact should not be held responsible for the extreme 
differences noted in the table, both in the grades claimed and 
actual grade, and in wholesale and retail prices. The price of a 
pound of butter in these markets reflects not the quality of the 
product, but its commercial history supplemented by the efforts 
of the dealer to assure customers that he is selling high-grade 
butter. 

The consumer has usually no choice but to buy butter offered 
at the grade claimed, so that frequently very poor butter is paid 
for at the price of really good butter. The buyer is entitled to 
be correctly advised of the quality of the product offered. Many 
purchasers are unable to judge butter correctly in the market, 
hence must depend upon the recommendation of the seller. 
Those who are determined to have good butter can only obtain 
it by extensive “shopping” with great inconvenience and often 
added expense. Some system of retailing by grade, in which 
the retail price would bear a proper relation to the wholesale 
price of each grade, would be the fair way of selling such a com- 
modity as butter. How best to establish such a system of butter 
marketing is a problem for the industry. 

In the table the terminology used for indicating the commer- 
cial grades may be a little misleading to the layman. For exam- 
ple, “firsts” are really classified according to butter scorers as 
second grade, “extras” and “higher scoring” as first grade, and 
“seconds” as third grade, while “lower grade” is termed “below 
classification” by the butter scorer. Having this in mind, the 
differences noted are sharper than would be indicated by the 
terminology given. 

Although the number of samples reported is not large, the con- 
dition described is clearly typical of the retail butter trade in the 
markets studied. The conditions in other cities are probably not 
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very different from those herein reported. The consumer is m ani- 
festly entitled to a more ethical and more equitable relationship 
between the retail selling prices of the various grades to the 
wholesale price of the same quality of butter. Whatever its 
failures and limitations in matters of detail, commercial grading 
safely places any given sample of butter in its proper class and 
such placing should be clearly evident in the price of the product 
at every stage of its commercial history, to insure a square deal 
to both producer and consumer. 

SUMMARY 

A comparison of quality claimed and price paid for a series of 
retail samples of butter showed no correlation with the actual 
grade and established wholesale prices of butter of the same 
quality. 
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THE RELATION OF ACIDITY TO THE COAGULATION 
TEMPERATURE OF EVAPORATED MILK 

L. A. ROGERS, E, F. DEYSHER, and F. R. EVANS 

Research Laboratories of the Dairy Division, United States Department of 

Agricvlture 

INTRODUCTION 

In the condensed milk industry, it has always been recognized 
that there is a definite relation between the acidity of the milk 
and the temperature at which the milk coagulates in steriliza- 
tion. The usual conception of the acidity of evaporated milk is 
that the acidity is increased in the same ratio as the solids of 
the milk. In other words, if fresh milk in which the titration 
indicated an acid content equivalent to 0.17 per cent lactic acid 
were concentrated in the ratio of 2.25 to 1 the resulting product 
would contain acid equivalent to 2.25 X 0.17 or 0.38 per cent. 
It has also been assumed that the titration of the fresh milk 
against a standard alkali solution would given an indication of 
the action of the evaporated milk under the high heat of the 
sterilizing process. 

The development of our knowledge of the chemistry of mUk 
in recent years has made it clear that the acid relations of the 
the milk are not as simple as these assiunptions would indicate. 
It is now well established that the true acidity of a complex fluid 
like milk cannot be determined by titrating with alkali. This is 
due primarily to the fact that constituents of the milk other 
than the acids combine with the alkali and are titrated as acid. 

Rice (1) has pointed out that the casein and the phosphates, 
both of which combine with alkali, are subject to sufficient varia- 
tion to cause in some instances an apparent high acidity in fresh 
milki. A recent paper from this laboratory (2) points out that 
the coagulation temperature of evaporated milk is not necessarily 
correlated with the titratable acidity of the fresh milk. 

It still remains to be determined just how much relation there 
is between the true acidity of the milk as measured by determin- 
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ing the hydrogen-ion concentration and the temperature at which 
the evaporated milk will curdle. Sommer and Hart (3) have 
shown that the time required to coagulate fresh milk from indi- 
vidual cows at a fixed temperature has no definite relation to its 
hydrogen-ion concentration. Although they show that the co- 
agulating time is increased by changing the concentration by 
dilution with water, we feel that it would be unsafe to go very 
far in applying these results to evaporated milk. Not only is 
the tendency of the milk to curdle greatly increased by the con- 
centration of the solids, but it has also been exposed to the high 
temperature of the forewarmer and the prolonged heating and 
agitation in the pan. It is well known among condensers that 
the forewarming has an effect on the coagulating temperature. 
In table 1 are given the results of some deteiminations on the 
relative coagulating temperature of fresh milk and of the same 
milk after evaporating to a uniform concentration of solids-not- 
fat of 17.7 per cent. These samples were mixed herd milks from 
single farms and were obtained through the courtesy of a local 
milk dealer. The coagulation point of the whole milk was deter- 
mined by heating the milk in sealed tubes immersed in an oil 
bath held at a constant temperature. Since the tubes held only 
about 5 cc. no allowance was made for time required to bring 
them to the temperature of the bath. 

Tubes were exposed for twenty minutes to a series of tem- 
peratures differing by 3°. The determinations on the raw milk 
were made just before condensing. The milk was condensed in 
large flasks, following as closely as possible the procedure of the 
condensery, including forewarming at about 95°C. The evapo- 
rated milk was usually held over night at a temperature near 
zero and the determination of the coagulating point made the 
following day. 

The results on 14 samples are shown in table 1 and figure 1, 
in which the samples are arranged in the order of the coagulating 
temperature of the raw milk. It is not to be expected that the 
mixed herd milk would show the wide variation in the coagulating 
temperature found by Sommer and Hart for the milk of individual 
cows. It is evident from these results, first, that the variation 
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in the coagulating temperature of mixed milk is too small to be 
of value; and second, that there is no consistent relation between 
the narrow variation which does occur in the coagulting tempera- 
ture of the mixed raw milk and that pf the same milk after evapo- 
ration. 

It is possible that a more accurate method of determining the 
coagulating point would reduce the great variation observed in 
some of these samples, but it is very doubtful if even this would 
make it safe to predict the coagulation temperature of evaporated 
milk from results obtained on raw milk. 

TABLE I 


Relation of coagulation temperature of raw milk to coagulation temperature of milk 

after evaporation 


LABORATORY NUMBER 

RAW MILK COAGULATION 
TEMPERATURE, 20 MINUTE EXPOSURE 

EVAPORATEB MILK COAGULATION 
TEMPERATURE, 20 MINUTE EXFOSURB 

* 0 . 

•F. 

-c. 

"F. 

673 

137 

278.6 

128 

262.4 

674 

134 

273.2 

125 

257.0 

685 

136 

276.8 

112 

233.6 

689 

137 

■ 278.6 

115 

239.0 

684 

137 

278.6 

131 

267.8 

672 

140 

284.0 

119 

246.2 

670 

140 

284.0 

113 

235.4 

664 

140 

284.0 

107 

224.6 

663 

140 

284.0 

105 

221.0 

091 

141 

285.8 

I 130 

266,0 

688 

142 

287.6 

133 

271.4 

671 

143 

1 289.4 

122 

251.6 

669 

143 

289.4 

125 

257.0 

667 

146 

294.8 

113 

! 235.4 


In the paper quoted, Sommer and Hart emphasize the impor- 
tance of the mineral constituents of the milk in maintaining the 
stability of the casein. Their views on this question are summar- 
ized in the following paragraph: 

From the data, we see that the calcium and magnesium are balanced 
by the phosphates and citrates of the milk practically in gram-equiva- 
lent amounts. The sodium and potassium chlorides in the concen- 
trations present do not have any marked influence on the coagulating 
point, so that the balance of the four constituents, calcium, magnesium. 
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dtratos, and phosphates, largely determine whether a milk will coagu- 
late or not. If e.'ilcium and magnesium are in excess, the milk will 
coiigulate on heating. If calcium and magne.sium ai-e properly balanced 
with the phosphates and citrates the optimum stability obtains. If 
phosphates and citrates are in exce.ss, cosigulation will also result. 



Fio. 1. Compabiso.n op the Coagulating Temperatures of Raw and 

Evaporated Milk 

They consider that the composition of the milk salts is the main 
factor in determining the coagulating point of fresh milk, and 
that the hydrogen-ion concentration, though only a minor factor 
in the coagulation of fresh milks, may become an important one 
in commercial milk. If we accept the conclusions reached in 
this paper, there still remain unanswered a number of questions 
of great interest to the manufacturer of evaporated milk. If we 
knew the relation of the acids to bases in a batch of milk, could 
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we predict the coagulation temperature of this milk after evapo- 
ration? Or, to put it on a still more practical basis, if it were 
possible to detennine the acid-base ratio of the milk from indi- 
vidual farms as it comes to the factory, would it be possible to 
reject the milk which lowers the coagulating point of the finished 
product below the limit of safe sterilization? To what extent is 
the true acidity of the milk a factor in determining the coagulating 
temperature of the evaporated milk? 

It should be kept in mind that the results given in Sommer and 
Hart’s paper were obtained, as the authors are careful to point 
out, on fresh milk from individual cows. We are now concerned 
with the mixed milk from a number of cows and with the coagu- 
lation of evaporated milk rather than the untreated milk. In 
investigating these problems, we have compared the hydrogen- 
ion concentration and the acid-base ratio of a series of represen- 
tative samples of milk with the coagulation temperatiire of these 
milks after evaporation. This has been supplemented by a 
series of experiments in which the hydrogen-ion concentration 
has been varied by the addition of acid or by the growth of acid- 
forming bacteria. 

EXPERIMENTAL 

The relation of the add-base ratio to the coagulation temperature of 

evaporated milk 

The milk used in this part of the investigation was obtained 
from a local dairy. Each sample represents mixed milk from a 
single farm and prcsmnably was milked on the previous evening 
and the morning of the day it arrived at the dairy. Samples 
were brought to the laboratory before noon and, after taking 
samples for the chemical determinations, were held on ice until 
the following morning. The evaporation was done in flasks under 
a vacuum of 26 to 28 inches. ' Unless otherwise stated, the milk 
was brought to 95°C. in steam bath and drawn slowly into the 
flasks without holding. The amount of water which it was 
necessary to remove to bring the solids-not-fat to a concentra- 
tion of 17.7 per cent was calculated from the solids-not-fat deter- 
mination on the raw milk. The amount of water removed was 
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determined roughly on the graduated receiver of the distillation 
apparatus and more accurately by removing the boiling flask 
and weighing back on a balance accurate to 10 grams. In this 
way all samples were brought to a uniform concentration of 
solids-not-fa.t, although there was necessarily considerable vari- 
ation in the fat content. After cooling the finished milk, it was 
sealed in baby-size cans and held over night in ice water. 

TABI,E 2 


Relation of bane and hydrogen^ion concentration to coagulation temperature. 

Samples arranged in order of coagulation temperature 


KriMUPR 

or 

rxrpHH j 
BA8K 

ACIDS 

I»H OF 

K VAPOR A - 

TKI) MILK 

COAOT'L4TION, 

30 MINITKB 

KXPOSntE IN 
KTKIOLIZKK 

1 NUVfllKR 

I OF 

.SA.MPLE 

[ 1', KUKSR 

BASE 

0\ I'R 

ACIDS 

pH OF 
LVAPOBA- 

TED MILK 

CO VOULATION, 
30 MINXrTES 
EXPOBTTRE IN 
STERILIZER 




°C. 

cp 



i 


"F. 

6()7^ 

0.(19 

6.26 

100 

212.0 

692 

0.57 

6 24 

118 

1 244.4 

7;ir> 

0.49 


100 

212.0 

701 

0.38 i 

i 

119 

246.2 

G64* 

0.77 

f) K) 

102 

215.6 

673 

0.51 

6.34 

110 

246.2 

718 

0.13 

0.24 

m 

219.2 

090 

0.43 

6.29 

119 

246.2 

m* 

0.80 

6.27 

105 1 

221.0 

669 ; 

0.70 


119 

2U),2 

685 

0.53 

6.17 

108 

226.4 

731 

0 51 

6.31 

119 ' 

246 2 

672 

0.51 

6.26 

110 

230 0 

734 


6 23 

119 

246.2 

732 

0.51 

6 27 

110 

230.0 

691 

0.46 

6 27 

119 

246 2 

670 

0.42 

6 26 

110 

230.0 

720 

0 53 ! 


119 

240 2 

089 

0 60 

6.13 

110 

230 0 

721 

0 53 1 

i 

119 

246.2 

739 

0.43 


113 

235 4 

688 

0 5i> 

6.34 i 

122 

251.6 

f>6S 

0.60 

6.39 

115 

239.0 

733 


0.27 1 

122 

251.6 

714 

0.74 


116 

240.8 

674 

0 51 

6 33 

122 

251.6 

695 

0 54 

6.38 

116 

240.8 

684 

0 35 

: 6.26 

122 

251.6 

671 

0.35 

6.31 

116 

240.8 

726 

1 0.61 

6 28 i 

122 

251.6 


* Forewarmed ten minutes at 75°C. (167® 


The sterilization was done in a pilot sterilizer on the day fol- 
lowing the evaporation. The cans were kept in motion during 
sterilization and fifteen minutes were allowed to bring the cans 
to the sterilizing temperature which was maintained for thirty 
minutes. The sterilizing temperature was increased by steps of 
2° or 3° imtil the minimum temperature was found at which a 
curd was formed which did not disappear on shaking. 

Calcium, magnesium, citric acid, and phosphates were deter- 
mined in the raw milk. From this was calculated the excess of 
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base over acid as outlined in Sommer and Hart’s paper. These 
results are given in table 2 and for convenience of comparison 
are plotted in figure 2 with the samples arranged in the order of 
excess of base over acids. If there is a direct relation between 
the acid-base ratio and the coagulation temperature of the 
evaporated milk, there should be higher coagulation tempera- 
ture as the excess of base over acid approaches zero. In these 
samples the variation in the coagulation temperature is so great 
that no exact curve can be traced. Although there may be a 



Fig. 2. The Relation of Excess of Base over Acid in Raw Milk to the 
Coagulating Tempfraturb of Evaporated Milk 

slight downward tendency as the excess of base increases, thereare 
so many exceptions that no definite conclusions can be drawn. 
This lack of correlation would be even more marked if samples 
667, 664 and 663 were omitted. These milks were among those 
having a large excess of base over acid and all coagulated at 105° 
or lower. An examination of the records showed that these 
samples were forewarmed ten minutes at 75°C., rather than at 
95°C., the usual procedure. Results which will be quoted later 
in this paper indicate that if these three samples had been heated 
to 95°C. the coagulating temperature would have been materially 
higher. 
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These results do not necessarily mean that the composition of 
the salts of milk is without influence on the temperature at which 
the evaporated milk curdles. It is evident, however, that what- 
ever influence the acid-base ratio may have, it is usually obscured 
by other factors. 

The hy])()thesiH that the stability of the casein is, in part at 
least, dependent on the interrelation of the mineral constituents 
of the milk is supported by the effect on the coagulating tem- 
perature, of heating the milk before condensing. It seems to be 
a matter of general knowledge in the industry that the coagulat- 
ing temperature can lie raised by high or prolonged forewanning 
teinpci-ature. 

TABLE 3 

Influence of fore war min g temperature on coagulation in aleriUzation 


KXPKMIMFNT 

NCAIBLK 

B MVII 
NlfMBKK 

FORtWAKMTNQ 
TKMPEKNTl RH. 

FORE WARM! NO 

1 TIME 

rOAQri.ATtON 
TFAtPLU\lM HE 

”0. 

“r. 








nnnutes 



' ‘ (1 

782 

* 

* 


95 

203.0 

783 

95 

203 

10 

125 ! 

257.0 

1 

fi 

786 

95 

203 

Not held 

119 

246.2 

2 1 

785 

95 

203 

10 

122 

251.6 

ll 

784 

95 

203 

20 

1 125 

257.0 


* No forewanning. 


That new equilibria are fonned when milk is heated is shown 
by the fact that the hydrogen-ion of heated milk is ahvays higher 
than that of the corresponding raw milk. Milroy (4) has shown 
that heating miUc to high temperatures precipitates part of the 
calcium, and Sommer and Hart suggest that this reaction prob- 
ably explains the increased stability brought about by the high 
forewarming. The effect of forewarming to 95°C. is usually to 
raise the coagulating temperature of the evaporated milk by 15° 
to 30°C. This is shown in table 3. 

The influence of the time factor is shown in the last experiment 
given in this table, in which the coaglating temperature of 119°C., 
obtained when the milk was heated to 95°C., was raised to 122°C. 
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by holding at 95‘’C. ten minutes, and to 125°C. by holding twenty 
minutes. These results would indicate that while the major part 
of the calcium precipitation was brought about by the heating to 
95°C. there was a continued small precipitation when the milk 
was maintained at this temperature. 

Influence of the hydrogen-ion concentration on the coagulating 

temperature 

It is very difficult to separate the effect of the hydrogen-ion 
concentration from that of the composition of the salts of the 
milk. Any change in the latter, by raising or lowering the buffer 
action, changes the hydrogen-ion concentration; and the low 
coagulating point obtained by altering the acid-base ratio may 
be due to the disturbance in the chemical union through which 
the minerals stabilize the casein, or to an increase in the hydrogen- 
ions. 

The relation of the hydrogen-ion concentration of normal herd 
milk to heat coagulation after condensing was determined on the 
same lots of milk as were usecj for the acid-base investigation, 
and the results arc also given in table 2. The hydrogen-ion 
determinations were made electrometrically and are expressed 
in terms of Sorensen’s scale; these terms, it should be remem- 
bered, vary inversely as the hydrogen-ion concentration. 

When milk is concentrated there is a decrease in the pH; in 
other words an increase in the acidity. This change is very uni- 
form, as may be seen in table 4. The decrease in 17 samples 
averages very closely 0.25. This excepts sample 695, which may 
have been an error or may possibly have been due to rapid growth 
of bacteria in the raw milk before the determination could be 
completed. It was evident from these results that the pH of 
the evaporated could be used as satisfactorily as that of the raw 
milk for this investigation. 

It will be noted that there is a very considerable variation ih 
the pH of the different samples. In order to bring out such rela- 
tion as may exist between this variation in the pH and the 
coagulating point, the results tabulated in table 2 are shown 
graphically in figure 3. In this the samples are arranged in 
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the order of the pH values with the scale reversed so that the 
dots represent a series of samples of decreasing acidity. 


Change in hydrogni-ion concmlraiion in condensing 


! 

numblk of sample 

pH OK JiKV/ MILK 

pll OF EVAPOFiATED 
BEFORE STERILIZING 

DECREASE IN pH 

6 G 3 

6.50 

6.27 

0.23 

604 

6 . 45 

6.16 

0.27 

mi 

6.55 

6.26 

0.29 

ti 68 

6.60 

6.39 

0.21 

669 

6.58 

6.36 

0.22 

670 

6.50 

6.26 

0 24 

671 

6.57 

6.31 

0.26 

672 

6.49 

6.26 

0.23 

673 

6.58 

6.34 

0.24 

674 

6.57 

6.33 

0.24 

684 

0.50 

6.26 

0.24 

685 

6.41 

6.17 

0.24 

689 

0.36 

6.13 

0.23 

691 

6.57 

6.27 

0.30 

692 

6.56 

6.24 

0.22 

695 

6.43 

6.38 

0.05 

m 

6.54 

6.29 

0.25 

718 

6.52 

6.24 

i 

0.28 


joH 


azd 


dsa 




eyaf?orated m/fk 
OC^a^C flotmq temj^ero turs. 




o o 


6 0 S“ 


^/£0 


• # 


• • • # 


• • • 


o o — o - 




-//^7 


• # 


-100 


Fig. 3. The Relation of Hydrogen-Ion Concentration to the Coagflat- 
ING Temperature of Evaporated Milk 



304 L. A. ROGERS, E. F. DEYSHER AND F. R. EVANS 

The coagulating temperature for each sample is shown by a 
circle directly under the dot representing the pH of that milk 
before sterilization. If there is a direct relation between the 
acidity as measured by the pH determination and the coagulation 
temperature, the latter should be higher as the pH curve goes 
down. 

We find that while there is a general tendency upward in the 
coagulating temperatures, the variation is so great that even an 
approximate curve cannot be drawui. Nor is it possible to draw 
a line in the pH curve below which the mill? may be expected to 
curdle at a low temperature and above which it may be sterilized 
without fear of curdling. It is true that all of the samples curd- 
ling below 115°C. had a pH of 6.27 or lower, but the variation is so 
gi'eat that no rule can be estabhshed, at least not from the data 
now available. 

This is particularly, evident in the four samples with a pH of 
6.27, coagulating respectively at 105°, 110°, 119° and 122°C. 
Sample 663, coagulating at 105°, should be excluded on account 
of its low forewarming tempera^iure. A similar variation is found 
in the four samples with a pH of 6.26. 

It should not be inferred from this that the hydrogen-ion con- 
centration of the milk is not a factor in the heat coagulation of 
the milk. On the contrary it is to be expected that it would have 
a decided influence in determining the temperature of coagula- 
tion, and experimental evidence shows that this is even more 
true of evaporated than it is of raw milk. 

In an experiment, the results of which are given in table 5, the 
raw milk with a pH of 6.45 curdled in sealed tubes in an oil 
bath when exposed twenty-minutes to a temperature of 140°C. 
When the acidity was increased by addition of lactic acid to a pH 
of 6.29 the coagulation point was reduced only 3°. When this 
milk was condensed to a concentration of 14 per cent solids-not- 
fat, the coagulation point was reduced to 135°C. By the addi- 
tion of sufficient acid to bring the pH to 6.16, a change of 0.20, 
the coagulation point was reduced 25°C. A change of 0.24 in the 
pH of the portion condensed to 18 per cent solids not fat reduced 
the coagulation point 38°C. and an equal change was produced 
in the 22 per cent milk by a change of 0.67 in the pH. 
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TABLE 5 

Effect of chanffca in hydrogen-ion concentration in milks of varying concentration, 
H ydrogcn~ion concentration increased by the addition of acid 


COVCKN rUAT[OX 
fiOLlDS NOT KAT 

pll 

COAOTfLATJON 

TEMPEUATURE, 

20 MlXTfTES 
EXPOSflRK 

change in pH 

CHANGE IN 
COAGULATION 
TEMPERATUKK 



“C. 

T 


‘’C. 

“F. 

per cent 




1 



Norm III 1 

6.45 

6.29 

140 

137 

284.0 

1 278.6 

0.16 

3 

5.4 

{ 

6.36 ^ 

13.5 

275.0 




6.16 

110 

230.0 

0.20 

25 

45.0 

” { 

6,30 

133 

271.4 




6.06 

95 

203.0 

0.21 

38 

68.4 

OO } 

6.16 

125 

257.0 




1 

6.00 

87 

188.6 

0.07 

38 

68.4 


TABLE 6 


Effect of changes in hydrogen-ion concert irat ion bronght about by the growth of 
bacteria on the coagulation of the evaporated mtlk 


NUMBER OF 
SAMPLE 

JNOCJ L ATI ON 

INCUBATION 

1 IME 

! 

pH EVAPOKATI.B 

rOAGULATlNG 
TEMPLHATt RE, 

30 MINUTES 
EXPOSURE 





‘'C 

“F 

726 

None 

hours 

4 

6.28 

122 

i 

251.6 

727 

Lactic 

4 

6.17 

1 106 

222.8 

731 

None 

4 

6.31 

119 

246.2 

732 

Lactic 

4 

6.27 

110 

230.0 

733 

None 

21 

6.27 

122 

251.6 

734 

Lactic 

21 

6.23 

119 

246.2 

738 

None 

2 

6.24 

113 

235.4 

737 


2 

6.21 1 

110 i 

230.0 

736 


3 

6.18 

107 

224.6 

745 

None 

21 

6.24 

119 

246.2 

744 

Lactic 

21 I 

6.19 

113 

235.4 

743^ 

Lactic 

21 

0.12 

107 

224.6 
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The results shown in table 6, in which the change in acidity 
was produced in the raw milk by the growth of acid-producing 
bacteria, are more comparable with factory conditions. We find 
that changes in the pH as small as 0.03 or 0.04 have a very appre- 
ciable effect on the coagulation temperature. 

The results of an experiment designed to show' the relation 
betw'cen the growth of bacteria, the change in acidity, and the 
coagulation point are shown in table 7. In this experiment 220 
pounds of fresh whole milk wras inoculated with 200 cc. of an active 
lactic cultime in milk. After inoculation, the milk was wanned 
to 30°C. (86°F.) and held at room temperature. Bacteriological 
plates, using milk powder agar, w-ere made at one-hour inter- 
vals. Immediately after inoculating, one-third of the milk was 


TABLE 7 

Influence of the growth of acid-forming bacteria on the coagulating temperature 


AGi: 

BACTERIA IN RAW MILK 

TITRATABLE 

ACIDITY 

pH 

COAOTILATIOV 

TK.MPERATLrUB 

Total 

Lactic 

Raw 

E v'uporaipd 

"(J. 


hours 

per cc. 

per cc. 

per tent \ 





0 

1,140,000 

790,000 

0.17 

6.57 

0.33 

119 

240.2 

1 

6.200,000 

3,000,000 






2 

20,950,000 

13,950,000 






3 

47,500,000 

30,500,000 

0.175 

0.51 

0.27 

113 

23.5.4 


93,000,000 

53,500,000 

0.207 

0.43 

6 21 

110 

230.0 


forewarmed ten minutes at 95°C. (203°F.) and condensed in the 
laboratory pan to a concentration of 1 7.7 per cent solids not fat. 
This milk coagulated in the pilot .sterilizer at 119°C. (246.2°F.). 

At the end of three hours there was a distinct change in the 
hydrogen-ion concentration which could also be detected by 
careful titration with 10/N alkali. 

Half of the milk remaining was condensed as before, duplicating 
the procedure and concentration as closely as possible. The 
slight change in acidity in this milk was sufficient to reduce the 
coagulating temperature to a point which would make the ster- 
ilization uncertain. The .third portion of the milk was condensed 
at the end of four and a half hours, w'hen the acidity had changed 
very appreciably and the coagulating point was so low' that the 
milk could not be sterilized. 
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CONCLirsiONS 

In the light of the results obtained in this investigation, we are 
unable to conclude that under commercial conditions there is 
any very definite lelation between the acid-base rat io of the raw 
milk and the coagulating point, of the evaporated milk. That 
the lelation established by Sommer and Hart for fresh milk from 
individual cows does not hold for those conditions is probably 
due partly to the readjustment of this ratio brought about by a 
precipitation of a part of the calcium in the forewarming process 
and partly to the olxscuring effect of other factors. 

It is very evident that exact information in regard to the rela- 
tions of the mineral constituents of the milk would be of little 
value in determining its suitability for condensing purposes. 

Notwithstanding the genei-ally accepted views as to the value 
of grading milk on the basis of its titi-atable acidity, the results 
obtained by tletennining the hydrogen-ion concentration elec- 
trometrically do not indicate that the relation between the acid- 
ity of the fresh milk and the coagulating point after it is evapo- 
rated is sufficiently uniform to make it of much value in grading 
milk. 

This is evidently because the hydrogen-ion concentration giv- 
ing the maximum stability to the casein varies with the com- 
])osition of the milk. The results shoAv that any increa.se from 
the nonnal hydr(jgen-ion concentration of milk causes a distinct 
reduction in the coagulation temi)erature aftei‘ evaporation, al- 
though the final hydrogen-ion concentration may still be con- 
siderably under that of ancdher sample which is comparatively 
stable. For this reason it will be difficult if not impossible to 
draw any definite limit in hydrogen-ion concentration above which 
the milk would be unsuitable for evaporating. 

The essential fact which must be established in this con- 
nection is not the mere hydrogen-ion concentration of the milk, 
but whether this has been changed from the normal of that 
particular mUk. 

It is possible that when the milk from a large number of cows 
is mixed the effect of variation in composition on the hydrogen- 
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ion concentration would be less evident and any increase in 
acidity due to the growth of bacteria could be detected. Thus 
a titratablc acidity of 0.19 or 0.20 per cent in a large batch of 
milk would almost certainly indicate an increase in acidity from 
the normal due to fermentation. The same titration in the milk 
from a small herd would be less conclusive; the acidity of milk 
from individual animals is subject to considerable variation and 
the value of the acidity determination becomes very question- 
able. 

In any case it is evident that while the f ffect of incieased acid- 
ity brought about by bacteria has a marked effect on the coagu- 
lating point, there are other factors of equal or of even greater 
importance which may obscure the effect of increased acidity. 
One of these factors is now under investigation and will be the 
subject of another paper. 


SUMMARY 

The variation in the coagulation temperature of mixed herd 
milk is comparatively small and has little relation to the coagu- 
lating temperature of the same milk after evaporation. C’onse- 
quently the temperature at which evaporated milk made; from 
the mixed milk of a number of cows will curdle cannot be pre- 
dicted with any accuracy by determining the coagulating tem- 
perature of the raw milk. 

The interrelation of the constituents of the ash of the milk, 
which has been shown to be a factor in determining the coagu- 
lating point of fresh milk from individual cows, is only a minor 
factor in determining the coagulating temperature of evaporated 
milk. This is partly due to the rearrangement of the acid-base 
relation in the condensing process, and partly to the obscuring 
effect of other factors, which in the mixed milk from many cows 
become of much greater significance. 

The effect of high forewarming in raising the coagulating tem- 
perature of evaporated milk is evidently due to the precipitation 
of part of the calcium. Forewarming temperatures much below 
95°C. (203°F.) have little effect on the coagulating temperature. 
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The effect of high forewarming may be increased by prolonging 
the heating. 

Theie is no very definite relation between the coagulating tem- 
perature of evaporated milk and the true acidity, as measured 
by determining the hydrogen-ion concentration of the milk be- 
fore sterilization. There is a comparatively wide limit within 
which the hydrogen-ion concentration may vary without influ- 
encing the coagulating temperature. 

A very small increase in the acidity from the normal for that 
particular milk will cause a distinct lowering of the coagulating 
temperature of the evaporated milk. 

Other factors which have not yet been fully investigated have 
an important influence on the coagulating temperature without 
appreciably changing the acidity. 
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THE USE OF COTTONSEED MEAL TO INCREASE THE 
PERCENTAGE OF FAT IN MILK 

ANDREW C. McCANDLISH 

Iowa Agricultural Expcrimanl Station, Iowa State College of Agriculture and 
Mechanic Arts, Ames, lov^a 

A high level of milk and butterfat production indicates gener- 
ally economy of production, a factor of vital importance. As 
a consequence of this it is deemed essential at the present time 
that purebred dairy cattle must be backed by good records. The 
outcome is that large numbers of cows are tested every year for 
complete lactations or periods of shorter lengths and the aim in 
most eases is to get the highest record possible. 

It has always been admitted that the amount and nature of 
the feed consumed by a cow' would have a considerable influence 
on her yield of milk and butterfat though it has generally been 
believed that the percentage of butterfat present in the milk 
could not be altered to any great degree by feeding. With the 
rapid development of testing during the last few years every 
possible effort has been put forward by men to increase the fat 
content of the milk by feeding and as a consequence it is a by- 
word among dairymen that cottonseed meal, and a few other 
feeds will influence the fat percentage in the milk. 

This factor is of greatest importance wdth cows on yearly test 
as it affects all the breeds of dairy cattle and a high fat content 
obtained during the two days that the tester is on the farm is used, 
with the total milk yield for the month, to calculate the monthly 
fat yield. Consequently, in outlining the work reported here, 
consideration was given to yearly record work rather than to 
testing for shorter periods. . The work outlined here is only pre- 
liminary and much study is yet needed by this problem. 

BlbsUMlS OP PREVIOUS WORK 

In reviewing the literature on this subject it was believed best 
to also review' the work on other feeds of high protein content 
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TABLE 1 


Digestible nutrients in feeds considered; after Henry and MorHson (19) 


FEED 

cht;de 

PJtOTEIN 

TAUBO- 

HYDHATES 

FAT 

TOTAL 


jitr cent 

per rent 

per cent 

per cent 

Peanut meal ! 

42 . « 

20.4 

7.2 

79.4 

Soybean meal 

1 

33.9 

5.0 

' 83.2 

Cottonseed meal 1 

37 0 

21 8 

8.6 

78.2 

Linseed oil meal (0. P.) 

30.2 

32 6 

6.7 

77.9 

Gluten meal i 

30 2 

43 0 

1 4.4 

84.0 

Gluten feed 

21 r > 

51 9 

3.2 

80.7 

Flaxseed meal 

20.0 

17.0 

29.0 

102.8 

Coconut meal 

1 « 8 

42 0 

8.1 

79 0 

Germ oil meal 

16 5 

42.6 

10.4 

82.5 


TABLE 2 


Changes in fat percentage produced by peanut meal 


FEEDS WITff WHICH OOMPAHED 

WItITERft 

i CHANGES REPORTED 

1 


Increase 

No change 

Decrease 

General grain mixtures. . 

Cottonseed meal 

Linseed meal 

Hackhaus (2), Juretsrhke 
(29), Kellner (34), Kochs 
and Ramm (32), Ramni 
(47), Ramm and Moller 
(49), Ramm, Momsen 
and Seluimacher (50), 
Vieth (,56) 

Dunlop and Bailey (11) 
Ramm, Momsen and Schu- 

3 

2 

1 

3 

1 

1 

Gluten meal 

Coconut meal 

macher (50) 

Ramm (48) 

Ilcirnich (18), Lund (40) 

1 


2 






TABLE 3 


Changes in fat percentage produced by soybean meal 


FREDS WITH WHICH COMPARBD 

WRITERS 

CHANOSS REPORTED 

Increase 

No change 

Decrease 

General grain mixtures. , 

Hannson (16), Lindsey (35), 


2 

1 


Lindsey, Holland and 





Smith (36) 




Cottonseed meal 

Brooks (4) 



2 

Linseed meal 

Hansen (17), dc Vries (57) 



2 

Coconut meal 

Lund (40) 



1 
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which might under certain conditions give the same results as 
cottonseed meal. The references to work with the feeds of high 
protein content are extremely numerous though only a liiiiited 
number bear on the problem in hand, and very few of these 
directly. It is (juite noticeable that most of the work of this char- 
acter was done at a relatively early date and few references to it 
are to be found in the literature of the last fifteen or twenty years. 


tabli; 1 

Ckanffcs in fat percentage produced by cottonseed meal 


FEEDS WITH WHICH COMPARED 

General grain mixtures. 


Peanut meal . . 
Soybean meal. 
Linseed meal . , 

Gluten feed . . . 

Coconut meal. 

Germ oil meal 


Backhaus (2), Collier (6), 
Crowther (9), Curtiss 
(10), Ilannson (16), Hof- 
mann and Hansen (24), 
Hunt (25), Jordon (28) 
Lane (34), Lindsey (35), 
Lindsey et al (38), Lloyd 
(39), Michaels (41), Mil- 
burn and Richardson 
(42), Moore (43, 44), 
Porter (45), Ramin (47), 
Speir (52, 53) 

Dunlop and Bailey (11) 
Brooks (4), Price (46) 

Hills (23), Hunziker and 
Caldwell (26) 

Goessmann (14), Hunziker 
and Caldwell (26) 

Albert and Maercker (1), 
Buschmann (5), Ewing 
and Spence (12) 

Hills (22) 


CHANOEH REPORTED 


Increase 

No cl)!ingc 

Decrease 

10 

1 

10 

! 

2 

1 



2 



2 


1 

1 


1 

1 


2 


] 

1 


In reviewing the earlier work only a few feeds were considered, 
namely the by-products of some of the oil seeds and corn by- 
products. Only feeds containing over 15 per cent of digestible 
crude protein were included, and some oil seeds not in general 
use in this country were omitted. 

The average amounts of digestible nutrients in the feeds are 
given so that they may be compared conveniently, but only the 
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analysis for the higher grades of feed are considered and undoubt- 
edly much of the work done with these feeds has been conducted 
with low grade materials. Where work has been done with cakes 
this is reported along with the corresponding meals. 

It is impossible to discuss each investigation in detail, so for 
convenience the work of different workers has been tabulated 
acccording to the nature of the work. 

TAni.E 5 


Chnvgca in fat percentage produced hy linseed oil meal 


FEEDS WITH WHICH COMPARED 

W^KITERjJ 

CHANGES REPORTED 


1 iicroasc 

No change 

Decrease 

General grain mixtures.. 

Peanut meal 

Cranficld and Taylor (8), 
Farrington (18), Hann- 
son (16), Hofmann and 
Hansen (24), Knieriem 
and Buschmann (34), 
Lindsey (35), Ramm, 
Momsen and Schumacher 
(50), Speir (52), Thorne, 
Hickman and Falken- 
bach (55), Wilson, Cur- 
tiss, Kent, Patrick and 
Katen (58), Wall (60) 
Ramm, Momsen and Schu- 

6 

5 

i 

i 

1 

Soybean meal 

Cottonseed meal 

macher (50) 

Hansen (17), de Vries (57) 
Hunziker and Caldwell (26) 

0 

1 1 


1 

1 

Gluten meal 

Gluten feed 

Goessmann (15) 

Hunziker and Caldwell (26) 

! 

1 

1 

1 

Flaxseed meal 

Beglariaii (3) 

Hills (22) ] 


1 


Germ oil meal 



1 






In attempting to digest the previous work on this problem two 
great difficulties are encountered — some feeds have received more 
consideration than others, and the conditions under which the 
various experiments have been conducted are far from uniform. 
However a few possible deductions are indicated. 

With all feeds of high protein content that have been compared 
with general grain mixtures the chances are about even for an 
increase in fat percentage or no change; when the same feeds 
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TABLE 6 

Changes in fat percentage produced by gluten meal 


\ 

FEUDS WITH WHICH COMPARED 

WRITERS 

CHANGES REPORTED 



Increase 

No chanRe 

Decrease 

General grain mixtures. . 

Peanut meal 

Cooke (7), Hills (20, 21), 
Isaachsen and Solvsberg 
(27), Jordon (28), Ladd 
(33), Porter (45), Wilson, 
Kent, Curtiss and Pat- 
rick (59) 

Rainrn (48) 

Goessinann (15) 

0 

2 

1 

Linseed meal 


1 



TABLE 7 


Changes in fat pt^rceniage produced by gluten feed 


FEEDS WITH WHICH COMPARED 

WRITr H8 

CHANGES REPORTED 

Increase 

No chanRc 

Decrease 

General grain mixtures 

Cottonseed meal 

Hills (20) 
Goessmann (14) 

1 

1 




TABLE 8 

Changes in fat percentage produced by flaxseed meal 


FEEDS WITH WHICH COMPARED 

WRITERS 

CHANOErt REPORTED 

Increase 

No change 

Decrease 

General grain mixtures.. 

Linseed meal 

Lindsey (35), Lindsev et al 
(37) 

Bcglarian (3) 

2 

1 




TABT.E 9 

Changes in fat percentage produced by coconut meal 


FEEDS WITH WHICH COMPARED 

WRITERS 

CHANGES REPORTED 


Increase 

No change 

Decrease 

General grain mixtures. . 

Peanut meal 

Hannson (16), Juretschke 
(29), Knieriem and 
Buschmann (31), Skel- 
ton (51), Tancre (54) 

. Heinrich (18), Lund (40) 
Lund (40) 

Albert and Maercker (1), 
Buschmann (5), Ewing 
and Spence (12) 

4 

2 

1 


Soybean meal 

1 



Cottonseed meal 

2 


l 

1 
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are compared with each other the chances are about even that 
an increase or a decrease in fat percentage will result, and on 
grouping all the trials together the odds are, 2 that an increased 
fat content will result, 1 that there will be no change, and 1 that 
there will be a decrease in the percentage of fat in the milk. 


TABI.E 10 

Changes in fat jurcentage produced by germ oil meal 


FKEDSi Wini WHICH COMPAUED 

WRITERS 

rHA> 

Incrnisp 

fGES REPOI 

No chaiiKP 

ITED 

Decrease 

General grain mixtures.. 

Hills (20, 21, 22) 

i 

2 

1 


GottoUvseed meal 

1 

Hills (22), Hunziker and i 
C^aldwell (2G) 

2 


1 

lunsced moal 

Hills (22), Hunziker and 
Caldwell (26) 

2 


1 


TABLE 11 

(icricral suoimary of influences of feeds of high prole in ceoUent on fat percentage 



IIKNERAL GltVIN 

OTHER HIGH PROTEIN 

i 


1 



MIXTe^RES, 


FEEDS. 


TOTAL, CHANGES 

TOTAL 


<'HA.-NOE« REPORTED 

CHANGES REPORTED 

REPORTED 

NUM- 

FKL'l) 










BEK 











OF 


In- 

No 

Dc- 

In- i 

No 1 

De- 1 

In- 

! No. 

De- j 

TRIALS 


I Cl ease 

chHIlgC 

crease 

creaselchungej 

crea.se 

crease 

chanpe 

crca«i'' 


Peanut meal 

3 

2 

3 

1 


4 

4 

* 2 

7 

13 

Soybean meal 


2 

1 



5 


2 

0 

8 

Cottonseed meal. . . 

10 

10 

2 

7 

1 

5 

17 

11 

7 

35 

Linseed meal 

6 

5 

1 

4 

2 

4 

10 

7 

5 

22 

Gluten meal 

(i 

2 



1 

1 

6 

3 

1 

10 

Gluten feed 





1 


1 

1 


2 

Flaxseed meal 

2 1 




1 


2 

1 


3 

Coconut meal 

4 

1 


5 


1 

9 

1 

1 

11 

Germ oil meal 

2 

1 


4 


2 

6 

1 

2 

9 

Total 

34 

23 

7 

21 

6 

22 

55 1 

29 

29 

113 


If the individual feeds are considered it will be found that in 
only a few cases can such conclusions be arrived at as the number 
of trials is generally quite small. In the case of cottonseed meal, 
which entered into the largest number of trials, conditions are 
quite similar to those found on grouping all feeds together and 
the same is apparently true also for linseed oil meal, though in 
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the few cases where cottonseed and linseed oil meals were com- 
pared there was a tendency for the cottonseed meal to give the 
higher butterfat percentage. 

Peanut meal does not appear to directly affect the fat content 
of milk as the types of change are atout evenly distributed though 
it tended to produce a lower fat percentage when compared with 
the other feeds of high protein content. Coconut meal appears 
to increase the fat percentage of milk even when compared with 
cottonseed meal and other feeds of high protein content. Gluten 
meal shows increased fat percentage when compared with mixed 
grain but few comparisons have been made with other feeds 
containing a large amount of protein. Germ oil meal might also 
be said to have a tendency to increase the fat content of milk. 
There is not enough data available on gluten feed and flaxseed 
meal to allow of any statement being made regarding their value. 

EXPERIMENTAL WORK 

The work reported here is a record of an attempt to increase 
the fat content of milk temporarily by replacing certain constitu- 
ents of the grain ration with cottonseed meal. In one case the 
cottonseed meal was substituted for oil meal and bran and in 
another case for corn. An effort was also made to note the result 
of repeating the cottonseed substitution within a short period of 
time. 

Experiment I 

In this trial 6 cows were used and the cottonseed meal was used 
to replace bran and oil meal in the ration. Data concerning the 
cows is given in table 1 and where necessary it is calculated to 
the first day of the experiment, November 14, 1918. 

The trial was divided into check, experimental and transition 
periods. During the transition and check periods the basal 
ration was fed while the cottonseed meal was substituted during 
the experimental periods. The transition periods were merely 
the first portions of the cheek periods following cottonseed admini- 
stration and were necessary as a means of indicating the rate of 
the return of production to normal. The average of the check 
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periods before and after any experimental period and its accom- 
panying transition period was used as a basis with w^hich to com- 
pare the results obtained in 1.he experimental and transition 
periods. 

The experimental animals were fed the roughages, corn silage 
and alfalfa hay, deemed necessary for their maintenance w'hile 
the grain rations Avere imiforni in composition but the amounts 


TVHI.i: 1L> 

Ardiiioh v^((l in experntwid I 


cow 

KKhI 1> 

A(.l 

At EIMI r 

FriLKH 

HRKD 



yearK 

Z/>i 

day'* 

days 

228 

Jorsev 

5 

S90 

2H> 

90 

225 

( ii](‘rnsey 

5 

050 

1S2 

14 

288 

erratic Holstein 

41 

1000 

200 ' 

85 

209 

Holstein .... 

4 

1100 

852 

142 

2S2 

(i ratio Holstein 


ino 

444 

182 

811 

Grade Hol.sfein 

3 

1120 

272 

189 


TABLE 13 


Periods trt. cxperin/ent J 


pLitroe NrMBEn 

1 

NFTMBKR OF DATS 

WOIiK 

I 

4 

C8ieek 

II 

3 

Experimental 

111 

2 

Transition 

JV 

5 

('heck 


8 

Experiment al 

VI 

8 

Transition 

VII 

4 

Check 

VIII 

3 

Experimental 

IX 

2 

Transition 

X 1 

4 

Check 


fed w'ere determined by the production of the individual animals. 
The basal ration was fed throughout the check and transition peri- 
ods. During period II the oil meal was replaced by cottonseed 
meal, while in period V the bran w^as taken out and cottonseed 
meal added and in period VIII both oil meal and bran were re- 
placed by cottonseed meal. In each case the cottonseed meal 
replaced an equal weight of the other feeds and as a consequence 
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the highest amount of cottonseed meal fed to any cow was 6 
pounds per day to cow 233 in period VIII, 

The cows were milked twice daily with the exception of cow 
233 which was milked three times per day. The animals were 
handled with the general herd and were allowed out for exercise 
daily. They were watered twice daily and had salt at free will. 

The milk was weighed and tested for butterfat at each milking 
and the average daily production of milk and butterfat as well 
as the average percentage of fat was determined for each experi- 
mental period. 

For convenience the periods are divided into three series, A, B 
and C, each of the series containing a check, which is the aver- 
age for the check periods at the beginning and end of the series 


TABLE 14 

Basal ration used in experiment I 



row Nr&IBER 

223 

225 i 

233 

269 

282 

311 


pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

Corn silage 

35 

35 

40 

40 

40 

40 

Alfalfa hay 

5 

5 

5 

5 

5 

5 

Cracked corn 

3 

2 

4 

2 

2 

2 

Ground oats 

3 

2 

4 

2 

2 

2 

Wheat bran 

3 

2 

4 

2 

2 

2 

Oil meal 0. P 

H 

1 

2 

1 

1 

1 


and an experimental period and transition period which are com- 
pared with the check. In each of the cases the average daily 
production for each animal and for the group is given. 

In considering the results it is found that in series A little change 
in production was found on the average in the experimental period, 
while in the transition period there was an increase of 5 per cent 
in the fat content, but as this was accompanied by a 3 per cent 
decrease in mUk yield, there was little change in the total yield 
of fat. In series B there was a 6 per cent increase in milk yield 
and a 7 per cent increase in fat yield but little change in the 
fat content. When series C is reached there is found to be only 
very small changes in the milk yield and fat content and no change 
at all in the fat yield. 



TABLE 15 


THB USE OF COTTONSEED MEAL 


319 



"rt 

;2 

1-H 

lO 

lo 

»o 

Ol 

CO 

d 

g? 

lO 

5.70 

s 

d 

CO 

d 

CO 

d 

ID 

CO 

d 

5.36 


^ 1 
rt ! 


s 

KO 

to 

QO 

CD 


CD 


CO 

WD 

CD 

t"- 

CD 

CO 

CD 

c 

H 

Uh 










rJ 4 





(M 

C 5 

1'- 

cr. 

CO 

CN 

0 

00 

OS 

00 


!< 

1 ^ 

<M 

«c 

CO 

§ 

CO 

D1 

MO 

r-H 

04 

1— ( 
1—1 

d 

d 

1—1 




a 

GO 

C 5 

o 

i 

OJ 

Cl 


CM 







o 

o 

f— ♦ 

*— ( 










o 


Ol 

»D 

OS 

n* 

CO 

8 

s 


CO 

jj 

o 

(Z 

1 At 

-t’ 

»o 

»o 


IC 


d 

iO 

MO 

d 




00 

CO 

D 5 

r-t 

04 

10 

I—* 

OS 

CD 

uo 




Oi 

CO 


o\ 

04 

04 

04 

0 

04 

OS 

C 4 

0 

04 


es 

U 4 

<0 

cO 

»o 

o 

s 

d 

CD 

O 

CO 

t- 

d 

d 

3 

0 

0 

1— 

d 

e 

d 

n 

d 

8 

0 

Si 

O 


fc C 

At 

CO 

(M 

8 

rP 

0 

01 

d 


o 

CJ 

3 

MO 

s 

d 

00 

0 

8 






OS 

!M 

Cs 

0 

CO 

CO 

04 

"tf* 


1 

1 ^ 

00 


-t* 

- 

CD 

d 

»o 

0 

CD 

rH 


"S ! 

j 

5 

*o 

'<+' 

o 

MO 

o 

OC 

o 

CS 

o 

04 

‘O 

o 

t'* 

d 

'ft* 

0 

i>- 

■O' 

0 

CD 

d 

CO 

d 




s 

cr 

CO 

3 

2 

19 

oC 

1? 

GO 

s 

oB 

SJ 

oc 

GO 

it 

o 

1 

j ^ t 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 


1 



"c6‘ 

' 

~To 

rr 

In 

"o 

“0 

“0 

CO 



1 ^ 

OJ 

CO 

CO 

CO 

CO 

04 

04 

04 

CM 

CM 


rt 

' 


"§ 

"cT 

D1 

"cT 

CO 

CD 

"d' 

¥ 


CO 


C) 

tf 

Ui 

fc. T2 

Vi iST 

"8 

"o' 

'S 

OO 


"os 

t>- 

^4 

"FT 

0 

"FT 

0 

"p" 

¥ 

It 

O 

At 



CO 

CO 

co 

d 



CO 

CO 





'ro' 


■"^ 

■'^fT 

Id 

0" 

“co* 


'cb” 


53 ? 

:§ 

c? 

CO 

c? 

1’-’ 

CO 

OC' 

CO 

CO 


2 


»o 

CO 


03 


‘5 

o 

ji' 

o 

_ 

I'- 

d 

2 8 
o o 

CD 

d 

CO 

CD 

d 

s' 

d 

d 

CD 

CD 

d 

•O 

1?^ 

CJ 

it 

o 




Is 

Tf* 

S? 8 

MO 

rr 

00 

“oT 

rj< 

d 

»o 

iFT 

oc 

OS 

d 

W 

■rii 


JiA j 


__ 

"o' 


D1 

CD 


'co" 

ln~ 

'oi~ 

CD 


J ?3 { 

j£ 

CO 


CO 

r*^ 

CO 

CO 

d 

CM 

04 

CM* 

r-H 

_ 

CO* 


Pm 


'"FT' 

r~t 

lO 

o 

r—* 

CO 

<N 

o 

»-< 

rH 

■§ 

8 g 

rH 

¥ 

t -4 

CO 

g 3 

o 

■t^ 

Pm 


"(^ 

lO 

lO 

Oi 

00 

l'- 

d 

s 

»o 

8 

d 

lO 

lO 

d 

0 

d 

d 

co“ 

d 

co~ 

OS 

d 


J« 


oc 


(N 


00 



bs 




.-a 

s 

d 

<N 

(M 

o> 

oo 

rH 

00 


00 

t-H 

00* 

f-H 

06 


l-H fT! ^ 



320 


ANDREW C. McCANDLISH 




■4>> 

r®* 

lbs. 

CO >0 <M 
ca i-» CO 

»0 »0 lO 

3 g S 

»o »o id 

W M 

iQ IQ IQ 


o' 

tiH 

per 

cent 

ij !8S 

■^* Tl< Tt< 

05 CM rt 
IQ CD o6 

'•d "d Tt< 

CO CO CM 

W W CD 

f '^* d 





O Oi 

t'« lo eo 

v-H 

^ CO CM 

d CO lo 

. CM r-l 

CC 05 

CO ci d 



"S 

lbs 

s g s 

O O tH 

IC CM f 
O CM »-[ 

^ t-H t-^ 
f— 4 r-* irH 


eo 

if 

o 

S 

per 

cent 

s? ^ s 

ic »o 

O 05 i-< 
»— n* CO 

»0 »Q IQ 

2; g 

iQ IQ IQ 


u 

Milk 

! ^ 

lO CO 05 

0 or. r-^ 

01 ^ t-i 

CD CM lQ 

O CM I-J 
Cl Cl CM 

CO 05 CD- 

O 05 < 

CM ^ CJ 

ss 

^1 

<3 

fct. 

1 - 

O C5 -M 
O lO co 

o o o 

W W 00 

o o d 

CC CO T-H 

<d w w 

o o o 


pt 

o 

Fat 

1 t'S 
a. ^ 

woo 

CO O <N 

Th ^ 

CO o ^ 
to CM O 

»o 

IQ OC O 
^ ^ rf 

-t d d 

c 

a- 

o 

J5? 

■o 

O W 05 

»o 

00 o: O 

t2 3 H 

CO CO Cl 

iQ CD CD 

=:!i 

s 

o» 

Fat 

lbs 

W lO CC' 
'rt< Tt* '-t' 

d o d 

oc 

d o d 

t Sg 
o o o 

Cb 

a 

fO 

CO 

O 

Is 

1 

S cS s 

CO CO CO 

CD ‘O ‘O 
W 00 OC’ 

CO* CO* CO 

05 OC' Cl 
c/: c/^ OC 

CO CO CO 

C 

o 

I?? 

i ~ 

O CO 

CO CO CO 

00 CO 

CM CO Cl 

CM O O 

Cl CM CM 

^ ’T" 

cr> 

ei 

fn 

u 


05 CD CD 
CO 

W IQ 

CC CO CO 

w £ 

s .§ 

ec 

C4 

C 

ta 

1 ts 

1 

-Kt; O O 
00 ^,00 

CO CO 

W 05 Cl 
OC' W CM 

CO CO, 

IQ W 05 

05 o w 

CO CO 

< »- 

o 

§ 


C< CO -t< 

Si 3 ?? 

05 -T* d ’ 

^ c? S 

"cC CO 

3 3 3 

ec’ 

O 

«o 

(Xi 

<o 

lo »6 o 

(£) CD w 

o o d 

-fj; CD t'- 
c6 CD CD 

O O O 

g'g § 
o o d 

C4 

ft 

o 

£ 


feSSi 

«?t< ^ d 

S 3 ss' 

»C r^i id 

S cic 05 

d d d 

a> 

a. 

“o- 

o 

Milk 


’ CO d *-i 

CO 'tH CO 

CC CD ^ 

ci CO ci 

05 CO ’05 

CM CM CM 

r— 4 ^ rH 

s 

C' 

,x> 

eo 

Fat 


=: s ?3 

i 3 i 


a, 

S 

CO 

CO 

ft 

8 - 

cS 

per 

cent 

id »d 

,t S iS 

»0* CD* ».0* 

o S S 

CD d d 

o 

O 

5 

lbs 

O Tt« <M 

o »*^ 

CS CM Ol 

iO 00 CD 
00* 00* OC 

05 C35 O 

W* 00 o6 

rH f-M 


PERIOD 


Check 

Experimental 

Transition 

Check 

Experimental 

Transition 

Check 

Experimental 

Transition 


g 

U 

trj 


< 

CQ 

O 



THE USE OF COTTONSEED MEAL 


321 




322 


ANDREW C. McCANDLISH 


Considering the changes as a whole it may be said that the sub- 
stitution of cottonseed meal for other feeds of high protein con- 
tent did not influence the production markedly and the effects 
were not immediate as the changes in the fat percentage were 
most marked in the transition periods following the times during 
which the cottonseed meal was fed. It would appear also that 
the continued administration of cottonseed meal at short inter- 
vals results in a decrease rather than an increase in fat content 
as is demonstrated in series C. Another very noticeable fact is 
the great variations which occur in the reactions of the individual 
animals towards the cottonseed meal; no two show the same 
changes in production. 


Experiment II 

For this piece of work 4 cows were used and cottonseed meal 
was substituted for e(}ual weights of cracked corn. Some of the 
necessary data concerning the animals used is giv'en in table 18 
and where necessary it is calculated to August 6, the diiy 

on which the trial commenced. 

This trial was divided into periods similar to those in experi- 
ment I but as an aid to the interiuetation of the results the second 
period during which the cottonseed meal was fed is divided into 
two sections of three and four days duration respectively. 

The experimental animals were on pasture and were allowed 
soiling ad libitum and in addition were fed a uniform ’’‘«sal grain 
ration, the corn portion of which was replaced by cottonseed 
meal during the experimental periods. Each cow Avas receiving 
3 pounds of cottonseed meal daily during the experimental 
periods. 

The cows Avere all milked twice daily and had salt and Avater 
at free will while on pasture. They were handled with the gen- 
eral milking herd and the milk was weighed and tested and the 
butterfat yield computed in a manner similar to that used in 
the first experiment. 

The periods in this second experiment are divided into series 
D and E, similar to the groupings made in the first trial, though 
the experiment period in series E is considered in two portions. 
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The cow 319 went off feed with only 3 pounds of cottonseed 
meal, even when fed in conjunction with an equal weight of oil 
meal and an equal weight of bran. As a consequence this cow 
was not carried through the second section of the work and the 
results obtained with her are considered separately. 


TABLE 18 

A7Li?nals u^ed in expcrintenl II 


tow 

Nl MHEK j 

UKEI 1) 

A OK 

1 

WLIGHT 

FUE8U 

[ 

BRKD 



ytarn 

pound's 

days 

days 

IGl 

Holstrin ... 

9 

1260 

446 

192 

1.S7 : 

Clucrnsey 

9 

9S0 

75 

39 

2% 

(Iradd GuorriFey 

4 

900 

187 

0 

310 

Holstein 

35 

1290 

516 

53 


TABLE 19 

Periods in cxpcrunenl II 


tlOl) NUMBER j Nl MDEU OF DAYS 

It O UK 

1 ! 6 

Check 

11 i 4 

Experimental 

111 ! 3 

Transition 

IV 1 7 

Check 

V j 3 

Experimental i 

VI 1 4 

Experimental ii 

VI 1 j 3 

Transition 

Vfll i 3 

1 

Check 

1 


TABLE 20 

Basal grain ration used in experiment II 



lbs. 

Cracked corn 

3 

Crmind oats ^ . . . . , 

3 

Wheat hraii 

3 

Oil meal 0. P 

^ 3 




If cow 319 is left out of consideration, it is found that in 
series D an increase of 4 per cent in fat content and 4 per cent in 
fat yield with no change in the milk yield is obtained in the 
experimental period, while increases of 2 per cent, 12 per cent 
and 14 per cent are obtained in the milk yield, fat content 
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•g ^ b- CB <N 05 l>- I> to 

If} ^ ^ <m‘ M CO oi w (N (m' oa 

(£ _ _ 


0 

u 

» 

H 

Fat 

per 

cent 

4.07 

4.29 

4.62 

4.12 
3.99 
4.05 

4.13 
3.89 

n 

H 

Milk 

COO(MO»OGOr-4l> 

:§ fegggSSBS 

TOTAL 

Fat 

^ CO CO CO cc 

be 

per 

cent 

4 09 
4.25 
4 79 
4.35 


Milk 

00 to 

S gSS'oS 

a» 

55 

{« 

o 


lbs 

0 81 
0 73 
0.51 
0.62 

Fat 

per 

cent 

4.21 
4.12 

6.21 
5.35 



Milk 

163 

19 3 
17 7 
8.2 
11.6 

IS. 

3 

'ow 296 

Fat 

lbs. 

1.01 

1.09 
1 37 
1 13 

1.10 
1.14 
1.16 
1.06 

•S 

53 js 

fVj o 

Fat 
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and fat yield respectively. This indicates that the cottonseed 
meal did increase the fat content and fat yield without having 
much influence on the milk yield and that the full effect 
was not noticeable until after the administration of the cotton- 
seed stopped. In series E there were decreases in milk yield, 
fat content and fat yield during the experimental period and 
they were most noticeable during the early part of the admini- 
stration, thus showing that the second administration of cotton- 
seed shortly after t.he first depressed rather than increased pro- 
duction of both milk and butterfat. By the time the trans- 
ition period was reached and the cottonseed meal taken out of 
the ration, production tended to come back to normal. 

In the case of cow 319 the administration of cottonseed meal 
for the first time depressed the fat content markedly and increased 
the milk yield so that there was little change in the total fat 
yield. The small amount of cottonseed meal used caused her to 
go off feed and by the time the transition period was reached the 
milk and fat yields had decreased enormously and the fat con- 
tent showed a 33 per cent increase. 

Reviewing the results of the second trial broadly it may be 
said that the replacing of corn with cottonseed meal tended to 
increase the fat content of the milk and the total yield of fat 
though a repetition of the work within a short time had an 
inhibitory effect on production. Greater unifonnity was shown 
in the response of the cow's to the cottonseed than was found in 
the first experiment, with the exception of one cow that was 
thrown off feed by a limited amount of cottonseed meal. 

DISCUSSION OF RESULTS 

In considering the work that has already been reported on the 
influence of feeds of high protein content on the fat content of 
milk it is found that there is no uniformity in the results obtained, 
and this holds true even when a feed such as cottonseed meal is 
considered. This lack of similarity in the results obtained is 
due probably to a considerable number of factors, the most 
important of which is undoubtedly a lack of uniformity in the 
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conditions under which the investigations were conducted. The 
basal rations differed in practically all cases and many other 
conditions were also allowed to vary. 

When the investigations reported here are considered it is 
found that on substituting cottonseed meal for other feeds con- 
taining a liberal amount of protein only slight increases in the 
fat percentage were obtained but when cracked corn was replaced 
by cottonseed meal a more marked increase in fat percentage 
resulted. These are the two main facts but in addition it should 
be remembered that the increase in fat content did not take 
place immediately after the substitution of the cotton.seed meal, 
that a readministration of cottonseed within a few days of the 
first tended to decrease rather than increase the fat content, and 
that cows vary in their reaction towards cottonseed, some going 
off feed when even limited amounts are fed. 

The present day status of our knowledge does not allow of 
any definite reasons being given for the changes noted in the 
pre.sent cxj)eriments on the feeding (.>f cottonseed meal but a few 
]K)ssible reasons can he discussed. 

The i)alatability of a fetal may influence not only the amount 
of feed consumed but also tht' degree to which it is utilized and 
so imj)roved palatabilit y as the result of a change in ration might 
lead to impro\ ed production. This cannot holil true in the cases 
consklered hovever as cotton.seed meal is relatively unp.alatable 
when compared with the feeds for which it was substituted and 
in addition the rations w(Te controlled in amount. 

It is a recognized fact that certain feeds will bring about diges- 
tive disturbances and that sudden or radical changes in the 
ration will produce like effecds. Cottonseed meal is one of the 
feeds, w'hich, on account of its constipating action, may produce 
digestive troubles if introduced suddenly into the ration or if 
fed in considerable proport ions for too long a period. This effect 
of the cottonseed might be supposed to have brought about the 
increase in fat content as digestive disturbances generally result 
in a decreased milk yield and increased fat percentage. How- 
ever the greatest changes in fat percentage occurred where the 
cottonseed meal was substituted for corn and feeds that counter- 
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act the constipating action of the cottonseed meal, namely, oil 
meal and bran, were allowed to remain in the ration; and the 
smallest most irregular changes were produced where cottonseed 
meal was substituted for the laxative feeds, oil meal and bran. 
Consequently, therefore the changes produced cannot be attrib- 
uted to digestive derangements produced by the cottonseed meal. 
Neither can the sudden introduction of the cottonseed meal into 
the ration be looked on as the cause as it was introduced sud- 
denly into both rations. In the case of one cow only in the 
second experiment can the changes produced be attributed to 
digestive derangements produced Iw cottonseed meal — it was 
unpalatable to her, caused digestiv'e troubles, and the limited 
amount fed to her put her off feed, decreased her milk production 
markedly and increased the fat content of the milk. 

The addition of protein to a ration has been shown to increase 
the digestibility of protein and carbohydrate material present 
though this is of course most evident in the case of rations origi- 
nally low in protein. The additional nutrients thus digested 
might be used for the production of milk and butterfat, though 
of course excess nutrients would be used for the production of 
body fat or energy. The excess of protein, over that required 
for maintenance and production, would be katabolised and the 
nitrogen excreted in the urine, though the non-nitrogeneous por- 
tions of it would be used for the production of energy. This 
function of the protein may explain in part the results of the two 
trials reported. The substitution of cottonseed meal for com in 
the second trial increased the protein content of the ration mark- 
edly and so may have resulted in the increased fat content of 
the milk, while the replacement of other feeds by cottonseed in 
the other trial did not produce such a marked increase in protein 
content of the ration and was accompanied by no marked change 
in the percentage of fat in the milk. 

The effect of protein in increasing the heat production of the 
animal body is known as its specific dynamic action and the 
increased katabolism brought about in this way might result 
directly or indirectly in an added impetus to milk production. 
Consequently, the increased fat percentage in the milk in the 
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secoiKl series might be due to this function of the addit'onal 
protein provided by the cottonseed meal while the fact that the 
milk fat was not increased markedly in the first series may be 
due to the fact that the protein supply of the ration w^as not so 
markedly increased as it was in the later trial. 

The protein of a feed maj' also have a direct stimulating action 
on the metabolic activities of the protoplasm of the epithelial cells 
in the alveoli in the mammary gland, and, if this be so, the 
stimulation due to the excess amount of ])rotein supplied in the 
second trial might account for the increased fat percentage found 
in th(‘milk at that time. 

In addition to th»' direct influence of the protein of the cotton- 
s<'ed meal, other ])ossible properties of the cottonseed meal have 
to ).)e considered. It is frecpiently stated that the amount of fat 
or oil in a ration will influence the percentage of fat in milk. 
On the whole however, there is no definite evidenc(' that it will do 
so, and the fat content of cottonseed meal differs so little from 
that of the feeds for which it was substituted that this factor need 
be given but little consideration. 

It is also recognized that some feeds jwssess an ability to 
stimulate milk production quite indei)cndent of the nutrients 
which they contain though but. little is known of these proper- 
ties at present and as cottonseed was added in both trials and 
very dissimilar results ensued, the changes produced can hardly 
be attributed to any specific, but undetermined, stimulant in the 
cottonseed meal. 

There remains another condition to consider — when cottonseed 
meal was administered for the second time in each experiment, 
there was a greater or less tendency for the fat content to de- 
crease rather than increase. This Avould point to the cottonseed 
acting as a stimulant rather than its direct utilization for pro- 
duction, and to the fact that the cow, once she has reacted to 
its stimulating action, has to be rested for some time before she 
can again respond in a similar manner. Corresponding results 
with the use of stimulants for various purposes are quite common 
and need no discussion or illustration. 
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SUMMARY 

From the work reported here the following deductions are 
probably justified: 

1. The substitution of cottonsfeed meal for old-process hnseed 
oil meal and bran in the ration of milk cows produces no marked 
change in the percentage of fat in milk. 

2. The replacing of cracked corn with cottonseed meal under 
similar conditions, and in even limited amounts, tends to cause 
an increase in the fat content of milk. 

3. All cows are not uniform in their reaction towards cottonseed 
meal. 

4. In some cases a limited amount of cottonseed meal intro- 
duced suddenly into the ration will cause cows to lose appetite, 
to be subject to digestive disturbances and to decrease markedly 
in milk production. The large decrease in milk production will 
be accompanied by a high butterfat content. 

5. Increases in butterfat content due to sudden adminis- 
tration of cottonseed meal take place in a comparatively short 
time and are not of long duration. 

6. The readminLstration of cottonseed meal, before the cows 
have had time to recover from the (sffects produced during the 
first administration, tends to decrease rather than increase the 
fat content of the milk. 

7. The effects produced by the cottonseed meal are probably 
due to some stimulating effect of the protein, either on general 
metabolism or on the activity of the mammary gland, which is 
not as yet completely understood. 
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THE EFFECT OF COTTONSEED MEAL UPON THE 
GROWTH AND REPRODUCTION OF COWS 

STANLEY COMBS and R. S. CURTIS 

North Carolina Agricnltural Experiment Slationf Raleigh^ North Carolina 

Each year the problem concerning the effect of cottonseed meal 
upon the growth and reproduction of breeding animals becomes 
more acute. Cottonseed meal is one of the South ’s greatest feed 
crops and it supplies the cheapest source of protein for a large 
area in which the live stock industry is rapidlj”^ increasing. In 
the production of milk it constitutes an important part of the 
ration. In the feeding of beef cattle it plaj^s an important part 
in the ration, and in many instances, it constitutes the sole grain 
ration. In the feeding and development of both classes of animals 
it could be used more effectively w'erc its effects upon the grovlh 
and reproduction of such animals definitely known. 

In order to secure more definite information in regard to the 
effect of this feed upon beef and dairy cows, the Dairy Experimen- 
tal Office at Raleigh, in cooperation with the Office of Beef 
Cattle and Sheep, began a study in 1915. At this time the Avork 
was started on a small scale, which was preliminary Avork for 
that which is under way at the present time. In order to convey 
an idea of the scope of this work, it might be well to state that 
twenty animals were secured November 1, 1915. These animals 
ranged in age from six months to slightly more than a year. The 
average age for the entire lot being considerably under one year. 
The average weight of these animals at the beginning of the work 
was 356 pounds. These animals were dmded into four lots and 
fed as shown in tabulation on page 335. 

Before tabulating any of the results attained in this work, it 
may be well to again call attention to the age of these animals. 
The effect of a ration is more noticeable with young animals than 
those that are more mature. Had these rations been fed to 
mature coavs, the results may have been far different. Therefore, 
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LOT 

number 

NUMBER 

OF 

AMIMAL 

RATION FED 


327 

Cotton seed meal (1 pound daily per 100 pounds live weight ) 


328 

Cottonseed hulls ad libitum 

I 

329 



330 



331 



347 

Cottonseed meal one-half, crushed com one-half (1 pound 


348 

daily per 100 pounds live weight) 

II 

349 

Cottonseed hulls ad libitum 


350 



351 



352 1 

Cd)1toTiseed meal (1 pound daily per 100 pounds live weight) 


353 

Cottonseed hulls one-half, corn silage one-half; ad libitum 

III ^ 

:i54 



a55 



356 



1 

j 357 

Cottonseed meal (1 pound daily per 100 pounds live weight) 


I 358 

Copper sulphate solution* 

IV ^ 

I m 

C/ottonaeed hulls ad libitum 


i 360 



301 


/ 

1 362 

Cottonseed meal (1 pound daily per 100 pounds live weight) 


363 

Cotton seed hulls one-third; beet pulp two-thirds; ad libi- 

vt ^ 

364 

tum 


365 



366 



♦ This solution was preparrcl by dissolving 1 pound of copper sulphate in 50 
gallons of water and s]>rinkling the feed with 1 quart of this solution for each 
pound of cottonseed meal in the ration. 

t This lot was added on December 13, 1915. The animals were older and larger 
than the preceding lots. The average weight of this lot being 015 pounds, Nos. 
365 and 366 were several months younger than the other three. 

it is unfair to assume that the results obtained in this test will, 
apply to all ages and classes of cows. 

As the work progressed, some of the results may be noted as 
follows: 
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No. 327. Died January 21, 1916 (82 days after starting on this feed). 
No. 330. Three fits followed by death on January 23, 1916 (84 days 
after starting on this feed). 

No. 351. Fit of February 8 and another on February 26, Died Mandi 

13, 1916 (133 days after starting on this feed). 

No. 349. Fit on April 30 and May 1. Died May 27, 1916. Totally 
Idind (208 days after starting on this feed). 

No. 359. Fit May 1, 1916. 

No, 360. Died June 5, 1916 (217 days after starting on this feed). 

No. 365. Discontinued from ration early in June. Died June 9, 1916 
(221 days after starting on this feed). 

No. 366. Discontinued from ration (‘arly in June. Died June 9, 1910. 

Totally blind (221 days after starting on this feed). 

No. 328. Discontinued from ration. Died a few days later on June 
10, 1916 (222 days after starting on this feed). 

No. 331. Discontinued from ration. Died a fe\v days later on June 

14, 1916 (226 days after starting on this feed). 

No. 329. Discontinued from ration. Died a few days later on June 14, 
1916 (226 days after starting on this feed). 

From thq above it may be noticed that all of the animals in 
lot I died. The animals remaining in lots II and III were dis- 
continued from their rations on June 11, 1916. These animals 
were sluggish and very much weakened. 

No. 328. Aborted February 24, 1916. 

No. 329. Calved April 14, 1916. Calf deformed, blind and was killed. 
No. 331. Calved June 3, 1916. Calf weak. Weight 34 pounds. Died. 
No. 364. Calved October 16, 1916. Calf seemed normal but died. 

RESULTS AT CALVING TIME 

Lots IV and V were discontinued January 1, 1917. All 
animals weak and partially blind, however, the three largest and 
oldest cows out of lot V were kept and put on a ration of cotton- 
seed meal and hulls. The ration for these three animals (includ- 
ing the present time) is 1 pound of cottonseed meal daily for each 
100 pound of live weight, with all the cottonseed hulls they wiU 
consume. 
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The nmnbers of these animals were changed from 302, 303 and 
304 to 101, 102 and 103 respectively. At present no. 101 con- 
sumes 14.2 pounds of eotton.seed meal and 24 pounds of hulls daily 
No. 102 receives 11.3 pounds meal with 30 pounds of hulls; and 103 
gets 12.9 pounds meal and 30 pounds of hulls daily. During the 
summer months this meal will be reduced 50 per cent or from April 
15 to October 15. The ac(;ompanying photographs will convey 
some idea of the condition of these animals at the present time. 

OUTLINE OF THE PRESENT WORK 

During Alarch, 1919, twenty high grade calves wore secured, 
ranging in age from two to ten weeks. 9'hese calves had been 
started on Blatchford’s calf meal, therefore this ration was con- 
tinued for six months. The aim during the first year was to keep 
this young herd in a good thrifty growing condition. Beginning 
with January, 1920, these animals were divided into five lots of 
four calves esich. Their ration is as follows: 


1 OT 


KATION 


I Cottonsoed meul une-half, crushed oats one-half* (1 pound daily per 
100 pounds live weight) 

Cottonseed hulls ad libitum 


Cracked corn (1 pound daily per 100 pounds live weight) 

Corn silage two-thirds, corn stover one-third; ad libitum 

Cottonseed meal one-half, cracked corn one-half (1 pound daily per 
100 pounds live weight) 

Cottonseed hulls one-fourth, corn silage two-fourths, corn, stover 
one-fourth; ad libitum 


Cottonseed meal (1 pound daily per 100 pounds live weight) 
Corn silage ad libitum 


V 


Cracked corn three-fifths, wheat brari one-fifth, linseed meal one 
fifth (1 pound daily per 100 pounds live W’cight) 

Alfalfa hay one-third, com silage two-thirds; ad libitum 


• The crushed oats will be replaced with cottonseed meal, beginning Novem- 
ber, 1921. 
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'I’hese animals have been weighed each t.wo weeks during the 
l>ast year and feed adjustments made at each weighing period. 
The condition of the animals and the amount of growth has been 
fairly satisfactory up to the present, February, 1921. The growth 
may be noted from the following table: 


LOT 

VVEUAOE WEIGHT KY LOTH 

AVEIIAOE LOT GAIN 


January, 1920 

February, 1921 

1 

jmundb 

399 

jtourids 

824 

pounds 

425 

11 

390 

722 

332 

III 

397 

S2G 

! 429 

IV 

39() 

721 

325 

V 

375 

1 821 

1 

446 


The breeding work was started about the middle of November, 
1919, and at present the majority of these animals seem to be safe 
with calf. 







Flo. (Jow No. 102, JaM'ak^, 1020 

C^mHumiiig 12..S ])OUii<ls of r<>tt(»n-sc<‘(i m(‘al daily. Shr ^avo birt h to t\sins on 
June 11. 1010; normal; of) and 01 pounds oarh. On Octohor 0, 1020, 

sho calved again, calf Ix'ing normal arrd weighed 02 pounds. She is now con- 
suming ll.d jxmnd.s of cotton-soed meal dail\ , the rest of her ration being hulls. 



I'k. ('u\N No. lO;?, Nom.miu* i{ 1920 
c^ilvt'd I)(‘(M‘Tn))(‘r 1. J!)20. Wav 12 9 ihmiikK oI rol loti-soccl iiK'al daih . 



li'io. (J. Calf out of No. 103, Januahy 20, 1921 
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VVAIT.ABILITY AND VSEFULNESS OF DAIRY 
STATISnC^Si 

Dairy statistics, taken in their entirety, cover a broad field. 
Intelligent action throughout the entire field of marketing of the 
industry is based largely upon current or statistical information, 
and the more complete and n^liable the information, the more 
useful and valuable it becomes as a basis for safe conclusions. 
Undertake, for example, to study the trend of any branch of the 
daii-y industry without reliable statistical information and you 
will immediately realize how futile is your attemi)t. Attempt to 
study the progre^ss made in the pure bred cattle industry, the 
growth of the cow-testing or bull association movcMuent without 
statistical information or attempt to determine the tn^nd of the 
butter, cheese, condensed milk, or milk powder industries, with- 
out data on the monthly or annual production and it becomes 
obvious immediately that it is next, to im})ossible to reach any very 
definite conclusions. 

It would be practically useless to attem):>t to (\stimat(' tlie ])(']• 
(*apita consumption of butter or dairy ])roducts in the absen(H^ 
of data on ])i-ofluction. or to attempt to make a study of the 
world\s trade in daily products without data regarding tln^ (ex- 
ports and imports of the leading dairy (*ountries. 

In tlie field of advertising and merchandising, statist i(^s are 
of incalculable value. If the problem b(' that of advertising and 
selling cream s('parators in a (*ertain State or s(K*.tion, data on such 
fact(jrs as the following would be most useful: Number of farms, 
number of dairy cows, number of cr(»ameries, numl)er of (a‘('am 
buying and shipping stations, amount of butter made on farms 
and in factories, pih^es of butter fat and butter compared with 

^ Roj)ort of I hr on Statistics on Production and Marketing? of 

Dairy Products, ])tc.sf*ntcd at fifth annual meeting of the American Dairy Science 
Association held at ( Chicago, Illinois, October 11, 1920. Roy C:. Potts, Chairman 
of Coirimittee; (). J’. IJunziker, K. S. Outhrie, (\ K. and S, (\ Thompson, 
members. 
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other sections, and the profitableness of dairying compared with 
other sections and with other lines of agriculture. 

If the problem be that of analyzing tlu' present condensed milk 
situation, the actual conditions which now exist, the causes 
which have jiroduced these (•onditions, and the effect of possible 
as well as probable factors in ii'.proving these conditions, it is 
stati.stical information that must be relied upon and used in 
analyzing the whole situation. Such statistics should include 
th(' monthly productions of all factories for each class of product, 
the stocks in the hands of manufacturers, the stocks in the hands 
of jobbers and wholesah; grocers, the exports and imports and 
general market conditions, especially those affecting the demand. 
At th(' present time, the condensed milk market situation is not 
most satisfactory to producers or manufacturers. Later in this 
rejant, ci'rtain data available with reference to this industry will 
be presented and analyzed. 

STATISTICS OF THE DAIRY INDUSTRY WHICH ARE VALUABLE TO 

THE INDUSTRY 

Enough has been said in the fori'going statements to indicate 
clearly the value of statistics to the dairy industry. 'Iliree facts 
which are especially worthy of note by this As.sociation may be 
ment oned ; 

1. A great deal of dairy statistics an* at present available, 
but those to whom these statistics are of most value often do not 
know that the de.sired statistics exist or do not know how they may 
be obtained. 

2. A great deal of dairy statistics which are not at present 
available could be made available if those in position to produce 
the statistics appreciated the usefulness and value of such sta- 
tistics to the dairy industry. 

3. Agencies of the federal goveimnent should have authority 
and the necessary finances to assemble from all sources the essen- 
tial and useful dairy statistics and through cooperation ivith 
other agencies assist in the development of such useful statistics 
as are not now available. 
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The various dairy statistics of value to the industry may be 
classified as follows: 

Farm n'sources: 

Acreage adapted to variovis crops 
Acreage of and production of various crops 
Comparative costs of production 
Farm equipment: 

Dairy barns 
Silos 

Cream separators 
Dairy cattle (purebred vs. others) : 

Number cows in milk 
Number heifers 
Number bulls 
Production associations: 

Cow testing 
Bull associations 
Milk production: 

Production per cow 
Total amount produced 
Daily factories: 

Number, location, kind and amount of products i)rodiiced. 
Uses made of milk and its products: 

Consumed on farms 
Manufactured on farms 
Consumed in cities 
Manufactured in factories 
Stocks of dairy products and substitutes: 

Manufactured and warehouses by manufacturers 
Received at markets 
In hands of dealers 
Held in cold storage 
Shipped to foreign countries 
Received from foreign countries 
Costs and prices: 

Costs of dairy farming land 
Costs of dairy cattle 
Costs of dairy feeds 
Costs of dairy labor 
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Costs of production of milk per owl. 

Costs of manufaot.uriiig dairy products 
Costs of distribution of dairy products 
Farm and market prices of dairy products 

K('forring to this classification, it will be, noted that it includes 
two main sets of conditions: (1) Those on farms, and (2) those 
off of farms. 

Except for the items of “Acreage adapted to various crops,” 
which is chii'fly a soil survey problem, and that of “Comparative 
costs of production,” which is a farm management problem, 
the farm stati.stics are those which properly might be included in 
the agricultural census and continued annually in estimates by 
the Bureau of Oop Estimates^ of the Enited States Department of 
Agriculture in cooperation with the State Department of Agricul- 
ture or State Statistical Agents of the Department. 

The statistics off of farms except for those of exports and 
imports which are compiled by the Bureau of Foreign and Domes- 
tic Commerce of the Dci)artmcnt of Commerce, are principally 
marketing statistics and the Bureau of IMaikets^ of the ITiited 
States I^epartment of Agriculture is undertaking to develop 
these statistics with the limited funds and facilities available 
for such work. 

ILLUSTRATIONS OP THE USES WHICH MAT BE MADE OP DAIRY 

STATISTICS 

Jllustratiou. 1. On January 1, 1920, the Bureau of Crop Esti- 
mates reported the number of milch cows in the United States 
as 23,747,000 as compared with 23 455,000 January 1, 1919. 
What significance has this report to the dairy industry? 

Potential possibilities of increased production are indicated 
by an increased number of dairy cows, but a study of certain 
other statistics must be made before we can say how this increase 
will affect the dairy industry. We must knovr in what sections 
the increases have occurred, also the decreases. W^e must 

*On July 1, 1921, the Bureau of Crop Estimates and the Bureau of Markets 
were combined into one Bureau — that of “Markets and Crop Estimates.” 
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know the conditions which caused the increase and into what 
market channel the increased product will be put. We should 
also know the trend of the uses made of milk in other sections. 
With such additional information, the number of dairy cows on 
January 1, 1920, compared with 1919, may have some definite 
significance to the butter and cheese manufacturer, or to the 
cream separator, dairy barn equipment, or silo manufacturer. 
This illustration is quite ty-pical of most statistical facts. Unless 
other supplementary statistics are obtainable, many of the 
primary statistics available can not be interpreted, and without 
interpretation they are of limited usefulness. 

Illustration 2. The total stocks of condensed and evaporated 
whole milk (case goods) in the hands of manufacturers on Sep- 
tember 1, 1920 and August 1, 1920, were as follows: 



1 c»j!.rjibAii}e.n i, iu.ii/ 

AV.UI'!*! i, iUiU 

Condensed case 

69,691 ,287 
164,571 ,905 

65,366,996 

142,647,134 

Evaporated case 


Wliat significance have these figures to producers, manufacturers, 
and dealers? 

We note that September 1 stocks are larger than August 1, 
but this alone tells us very little. We need certain other infor- 
mation in order to draw any very definite conclusions. First, 
we want to know whether the stocks on September 1, 1919, 
represent a normal or surplus stock. We also want to know how 
much of the stock reported on hand is unsold stock. We also 
W'ant to know the amount of unfilled orders. Furthermore, it 
would be interesting to know the amount of unsold stock carried 
at New York City. The desirability of having this additional 
information will be obvious by reference to the monthly report 
on the “Condensed and Evaporated Milk Market,” issued by 
the Bureau of Markets. 

The following report of conditions of the market was issued by 
the Bureau on September 28, 1920, and is based largely on the 
statistical information received from manufacturers. 
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United States Department of Agriculture Bureau op Markets, 

WASHINGTON, D. C. 

September 28, 1920. 

CONDENSED AND fJVAPORATED MILK MARKET REPORT 
FOR SEPTEMBER, 1920 

Condemed Milk Manufacturers Close Factories in Effort to Curtail 
Production. Prices Decline with Decrease in Exports 
and Increase in Stocks. 

During the past two months the condensed and evaporated milk 
market lias steadily been getting into worse shape, and now has reached 
a critical stage with many manufacturers. 

Export business, which stimulated increased production during the 
war and the building of many new factories, is now at a standstill. 
Companies which have been exporting have put their stocks on the 
domestic market, flooding it with goods which are offered at cut-rate 
prices in order to get their money out of it. Among the factors con-* 
tributing to a decreased foreign demand is the increased production 
of foreign countries, which is being offered by Holland, Norway and 
Denmark in this and other countries at prices below our own. 

It is reported that jobbers and wholesale grocers, in expectation of 
still lower prices, are not taking on any large stocks and are buying 
mostly for immediate sale to retail trade. The ^^tight money” con- 
dition is said to be a factor with many manufacturers and jobbers, 
causing them to unload at least a portion of their stocks previously 
made of higher priced sugar at prices below actual cost. 

Report of the stocks in hands of manufacturers on September 1 
shows that the load carried had increased, while unfilled orders had 
become practically *‘nil” on bulk goods and on case goods they were 
below those of August 1. Some firms reported their stocks were larger 
than ever in their history and the bottom had practically dropped out 
of the market. During September, it has been a serious question in 
the minds of many manufacturers as to what to do on October 1, with 
producers in most sections contending for higher prices for milk. Some 
few manufacturers have offered to cooperate with producers in further 
manufacturing and holding of stocks until sold, before determining 
prices to be paid the milk producers. Others announce they will 
close their factories until the present situation improves. Such action 
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will result in curtailed supply, permitting present stocks to be worked 
off at prices more satisfactory to holders. 

Of the twent 3 ’-and-af-half noillion pounds of condensed milk export- 
ed in August, over ten million went to the United Kingdom, nearly 
three million to Cuba, and nearly million to the Straits Settlements. 
Of the five million pounds of evaporated, France took nearly two 
million, the United Kingdom 1,220,000 and Cuba nearly 375,000, 
and other countries less than 200,000 pounds each. 

Current prices on evaporated case goods range from $5.00 to $7.00 
per case, and on condensed, from $5.00 to $10.50, with advertised brands 
bringing the higher prices. 

Skim condensed bulk is quoted at $8.75 to $9.50 per cwt., and con- 
densed whole milk in bulk at $15 to $16 per cwt. 

Illustration 3. It is reported that a firm in San Francisco has 
contracted for 1000 long tons of New Zealand butter to be de- 
livered at a laid down price (duty paid) of less than 50 cents. 
We would like to know what the probabilities are of even larger 
quantities being exported to this country from New Zealand and 
the probable effect of such shipipents on our markets. 

Since shipments of New Zealand Butter to the ITnited States 
are unusual, we may inquire where New Zealand formerly mark- 
eted her surplus, hov' much she marketed, her past production 
compared with her present, and the conditions in the country 
which formerly purchased the surplus of New Zealand which are 
operating to increase or decrease the present or future demand 
for New Zealand butter. Then, too, we may consider the con- 
ditions which are favorable, also unfavorable, to present and 
future sales in the United States. 

Storage stocks on the English market are very light and both 
Denmark and Argentina are shipping considerable amounts to 
the United States and figure on continuing with even larger 
shipments. Some time ago the English Food Ministry contracted 
for 9000 tons of Danish butter at 245 shillings per cwt., c. i. f.,' 
for storage, and the entire surplus of Australia at 275 shillings 
per cwt., f. o. b. port in Australia. Even with these supplies, 
it is reported there will be quite a shortage in the English market. 
Canadian stocks in storage show a shortage on August 1, 1920, 
of over 16 per cent. 
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All coiiditions point to an urgent demand in England for New 
Zealand’s surplus and the Food Ministry undoubtedly will offer 
many indu(!ements in order to obtain it. Until contracts are 
made with the Food Ministry, there arc very good possibilities 
of New' Zealand butter reaching our markets throughout the 
coming winter season. The balance of trade and exchange sit- 
uation, also other factors, seem to favor it. 3’he cost of deliver- 
ing New Zealand butter in the United States is about 41 cents 
per pound, duty paid. Butter now in storage in San Francisco 
wdll cost upwards of 50 cents during next December and Jan- 
uary with storage carrying (diargi's included. On this basis New 
Zealand butter would net the New Zealand e.xi)orter 4G cents 
or better, f. o. b., New Zealand, w hich is more than the English 
contract price for the Australian surplus. Unless the Food Min- 
istry can s(juare accounts on the contracts for Australian butter, 
and meet a price of 4(5 cents for New Zealand butter, the New 
Zealand butter is sure to come to our markets. (Since the fore- 
going was written, a rejicrt has been issued that the Food Min- 
istry has contracted for the surplus from New Zealand at 46.G 
cents, f. o. b., New' Zealand.) 

Other examples might be cited, but perhaps those given will 
suffice to indicate fully the value and usefulness of dairy sta- 
tistics, This phase of dairj' work is worthy of much larger 
development, and this Association should promote in every way 
possible the attainment of that end. 

Roy C. Potts, 
Chairman of Cornmitlee. 



THE SAMPLING OF MIIiK 

H. F. JUDKINS 

Massachusetts Agricntiural College , Ai)thersty Massachusetts 

The bulk of the market milk handled in our cities is bought 
by the (luart, gallon, can or hundred weight, a certain base price 
being paid for milk containing a certain per cent of fat plus or 
minus a butter fat prcmiiun. The (luestion of how to accurately 
determine the average per (i(‘nt of fat in the milk of their jiatrons 
month by month and. keep everybody satisfied is a problem milk 
dealers have been facing for some time. 

Obivously the most accurate method would be to sani])le and 
test each patron’s milk daily. I'his, however, would necessitate 
so much work as to make it impractical. 

Some methods in use involve the taking of composite samples 
and testing them usually, every two weeks. Sometimes aliquot 
portions of each day’s milk are taken using the sampling tube, 
and sometimes the same am<mnt'is taken out of each delivery by 
using a small dipper. 

Some plants sample and test from one to five times a month 
and calculate the average test by adding up the tests and dividing 
by the number of tests made or by figuring out the true average 
test by determining the total pounds of fat bought during various 
test periods of the month and dividing this by the monthly weight 
of milk. 

Hunziker (1) reports the following as average results on 4200 
daily samples and 700 compo.site samples covering a period of 
fourteen days. 


Method of sampling Per cent fat 

Daily samples ‘ 4.900 

Composite samples, aliquot portions 4.865 

Composite samples, equal portions 4.870 

Daily samples, every second day 4.914 

Daily samples, every third day 4.905 

Daily samples, every fourth day 4.903 

Daily samples, every fifth day 4.893 
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It is understood in t he last four cases that the sum of the tests 
involved was divided by the number of tests to get the average 
test for the period. I'his point is not perfectly clear, however. 

Kent (2) compared the daily and e.omposite tests for a period 
of thirteen days. There, were fifty-t wo patrons. Three sanjples 
were taken as follows from the milk delivered by each patron. 
A daily test sample, a composite sample obtained by use of a 
small dipper, and a composite samj fie for which a Scoville sampling 
tube was used. The average test was fi.Ol per cent, the dipper 
composite test was .3.95 per cent and the Scoville tube composite 
was 4 per cent. 

Potts (3; carried on the following experiment taking composite 
and daily samples in the following mamu'r: Com])osite A was 
taken with a little dipper which was attachc'd to a stirring rod, 
B was taken with a metal tube which veiy nearly secured an 
aliquot portion, and C was taken rather carelessly with a IMcIvay 
sampler. This milk was delivered by (50 ])atrons. There were 
420 daily tests and 00 composite tests made. This (>xperiment 
continued seven days with the following results: Daily test 
4.39 per cent; composite A, 4.352 per cent; composite B, 4.303 
per cent; composite 4.384 i)er cent. 

lie ran another set, of test s f<.)r a pei iod of ff)urteen days. The 
samples were all taken in the same manner, giving practically the 
same results. Daily test, 4.131 per cent; composite A, 4.039 
per cent; composite B, 4.00 per cent, and composite C, 4.044 
per cent. 

All the above results indicate that any of the various methods 
used were accurate enough for practical jmrposes. 

With the idea of checking up this work over a longew period of 
time and showing variations, the writer carried on an exper- 
iment during January and Februarjq 1920. The milk of 
the 12 patrons delivering milk to the Massachusetts Agricul- 
tural College Dairy Department was sampled and tested daily. 
Composite samples were also taken with the milk thief and a small 
dipper, and tested twice a month. The Department buys its 
milk at a base price per quart for 3.5 per cent milk plus or minus 
one-tenth of a cent a quart for each tenth of a i)er cent of fat 
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above or below 3.5. per cent. Milk is paid for once a month, 
hence the need of getting at the monthly test of each patron’s 
milk. In addition to the above plans, tests taken on the 15th 
and 30th of the month were divided by two to get the monthly 
average and the true average test with these two tests as the 
basis was also figured. This was likewise done for three tests 
taken on the JOth, 20th and 30th of month. These two schemes 
are in more or less common use in New England milk plants. 

The first fable shows the average tests by the various methods 
for the two months. 

TABLK I 

Shou'itHf overage porcerd of fat; in 12 patronn' milk foi a period of two months 


MONTH 1 

POUNDS OF 

I AT, 

DAfLy ti:rt 

PER CENr OK 
J' A'J , 

DAll/1 TI'HT 

POUNDS OF 
FAT, 

Tl'HE TEST 

PER CENT OF 
FAT, 

TITBK TEST 

POUNDS OF 
FAT, 

DIPPER TEST 

PER CENT OF 
I AT, 

DIPPER TEST 

January 

February... . 

1372. (X13 
149S.'17f> 

4.047 

3 950 

1375 912 
1510.873 

4 058 
4.007 

i 1380.805 
1530.907 

4.073 

4.044 

Average. . 


3 090 


4 030 


4.050 

MONTH 

POUNDH or 

FAT, 

2 TESTS 

AVERAGE 

TEST, 

2 TESTS 

AVERAGE 
TTST, SUM OF 
J TESTS 
DIVIDED HY 2 

POUNDS OF 
FAT, 

0 TEHT.H 

AV^EUAGF 

T'EST, 

3 'J'EhTS 

AVERAGE 
TEST, SUM OF 
3 TESTS 

Dl\ IDKD BY 3 

January. . 

1343.C72 

3.903 

4 120 

1301.920 

4.011 

4 025 

February. , . 

1450 363 

3.845 1 

4.150 

1493.180 

3.942 

4.158 

Average 


3.901 

4 135 


3.977 

4.091 


Table 1 shows a remarkably close agreement in the aA'crage test 
when worked out by the seven different methods. When the 
test is calculated by adding up two tests taken at the middle and 
end of the month, and dividing them by two, there seems to be 
the greatest difference from the average test found by daily 
testing. The others are in so close agreement as to be within the 
limit of error. 

While averages may check out closely as in table 1, it becomes 
of interest to know how wide the variations are from the average 
of daily tests. 

Figures in table 2 are based on the deliveries of tw'elve patrons 
covering a period of two months. The first column of figures 
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shows the number of times the various methods of figuring the 
average test for the two months differed 0.2 per cent or more 
from the average obtained by daily testing. The possible 
numbers in this column would be 24. One can see at a glance 
that any of the methods seem sulficiently accurate with the 
exception of using two tests as a basis and either calculating the 
true average or dividing the sum of two tests by two. Here the 
error is sufiiciently large enough times to introduce unfairness 
with a number of patrons. 


TAUl.K 


Sfunring variation^; in diffe rent rml/iods of arriving at inontldg average teats 


MrruoiJ 

|Vl ilHMt OF 
' TIMl.H 

ir IFFLllKNI F. 

1 IH 0 2 

( PLK Cl. VI 
! OU MORE 

1 ! 

HM M T FMl’ 
IJIFP Ll{- 

KNTL 

1 

1 

1 

i LVHr.L*'!’ 
j L>IM 1 U' 

1 LM. ' 

ivekai.f; 

LV(.K 

Tube 4 or — flaily losf 

! 1 

+0.012 

40.209 

40.031 

Dipper 4 or ~ daily test. . 

1 1 

-~0.007 

+0 2.‘)0 

+ 0.0.57 

Dipper 4 or tube test ; 

! 0 

0 ()(K) 

40 ISO 

40 020 

Sum of 2 tests -4-2 4 or — daily test — 
Tnu‘ average test 2 tests 4 <tr — dadv 

() 

1 40.009 

40 415 

40.130 

test , . 

True average test 3 tests 4 or — tlaily 

5 

40 007 i 

40 404 

-0.098 

test 

1 

-0.015 

40.201 

-0.022 

Sum of 3 tests -j- 3 4 or — daily test . . 

1 

-0.003 

-0.204 

40.092 


The dipper and tube methods seem to be practically eciually 
accurate methods of sampling when .samples are tested every two 
weeks and daily deliveries of milk do not vary much in weight. 

Since considerable figuring is necessary to calculate the true 
average test of a large number of patrons when samples are taken 
three times a month it is very interesting to note that the last 
method mentioned in the table, namely, adding up the three 
tests and dividing by three comes so near the results obtained by 
daily testing and even nearer those obtained by composite 
sampling. The method is worthy of recommendation. It is 
the method now used by the Massachusetts Agricultural College 
Dairy Department. Of course a possible objection to the method 
is, that if the sampling is done on regular days the patrons may 
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try to slip in some adulterated milk occasionally. However, vary- 
ing the testing days so they fall at different times in the month, but 
at approximately ten day intervals overcomes this objection. 
The more times tests are taken during the month the more accu- 
rate results should be. Three times seems to be sufficient, how- 
ever. About the only other alternative is to run composite 
samples and test them every two weeks. This inv(dves, all told, 
more labor than sampling three times a month and in the smmner 
time one is confronted with the problem of keeping composite 
samples in good enough condition so results will be accurate. 
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OPEN FORUM 

Daiby PboiH'CTs Sechox Established 

At the annual nicest inj»; of the Dairy Science* Association held at 
Ohicaj 2 :o in Oct(j])er, 1919, the following* aiii(‘Ie was adopt (;d as an 
Amcn<hiient to th(‘ ('oust itutieui of tin* Association. 

Organ iznhon of Jiirisions and Sfctians 

Article TT. Profcssioratl lia^^cd on specialized interests to be known 

as sections of the Society and to b(‘ fonnetl by not less than ten active members 
be authorized by tlie executive eominiltee wdien considered for the best interests 
of the Association. 

Such sections may elect their own officers and make any ruh's ff>r their own 
guidance not inconsistent with the constitution and by-laws of the Association. 

Pursuant to this artich* the Dairy Products Section was estahlishtal 
and at the annual nKading. held at Chicago in October 1920, the fol- 
lowing officers wen* elected. Jhiy C. Potts, chairman; A. W. liudnick, 
secret aiy. 

In order that a list of the members of the Section may be established, 
thos(* incmhers of the Association who d(\sire to be considered as mem- 
liers^ of the Dairy Products Section should forward thc‘ir names and 
addresses immediately to the Seendary with the following information: 
(1) PnLsent title and official position, (2) Major line of dairy work in 
which you are engaged, (describe fully); fH) Specific phases of dairy 
products work in which you are interested, (,d) AVhat in your opinion 
is the purpose of this section? (oj Should this Section have a definite 
program of work? (G) What should this program include? (7) What 
subject of dairy products is of foremost importance and should be first 
considennl by this section? (8) Should the program of this section 
at the next annual meoting be devoted to a full and comprehensive 
consideration of the subject, ‘‘Practical Methods of Improving the 
(Quality of Dairy Products?'' 

Hoy C. Potts, 

Chairman. 

A. W. Rudnick, 
Secretary. 

^ Prompt response from members of the Dairy Seicnee Assoeiation who desire 
to be considered as members of the Dairy Produels Section, is requested. — 
Chairman. 
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What is thk Purpose of the Dairy Products Section of the 
American Dairy Science Association? 

At the moctiiig of the Dairy Science Association, held at Chicago in 
October, 1920, the writer was elected chairman of the Dairy Products 
Section, and Professor A. W. Rudnick was elected secretary of that 
Section. There are at least twenty-five or more memb(^rs of the Asso- 
ciation who profess to have a deep interest in the dairy products phase 
of the dairy industry. Thus this section is composed of a body of men 
capable of giving consideration to the problems connected with the 
manufacture and marketing of dairy products, including every investi- 
gational, commercial and economic aspect of the subject. 

The Dairy Products Section undoubtedly was established for a defi- 
nite purpose and that purf)os(' contemplatc'd something more' than a 
^^sec*tional talk-fest^^ at. each annual meeting. 

Since receiving notice of my election to the (hairmanship of this 
Section, I have given considerable thought to what that ^‘contemplated 
something^’ should be and how it could best be attained. There are 
many ways in which that “conl(Mnplated something” may be expresscjd, 
but in simple terms it may be defined as, ‘^The study of s])ecific problems 
and the devising of definite aids to the manufacturing and marketing 
of dairy products.” (If this is not correct, will others express their 
views and set us right?) 

A.ssuming that the purpose has been stated correctly, we may next 
inquire, “What specific problems should be studied and what definite 
aids are most needed?” Another question immediately arises, “How 
should these problems be studied and how should the aids b(i worked 
out and their practical utilit}^ and value determined?” 

It is quite logical to consider this latter question first, for the prob- 
lems will never be solved by this Association until a plan of attack is 
formulated, — until a program of action is determined upon. And a 
definite program of action in my opinion is the greatest need of the 
American Dairy Science Association. The Association may have one, 
but if it has, it has never been brought to my attention. 

In formulating a program of action for the Dairy Products Section, 
the wTiter desires the help of every member of that Section, The pro- 
gram devised should not be for one year only, but, if possible, for several 
years. 

The answer to the question “How shall dairy producjts problems be 
studied?” has been indicated, and that answer definitely stated is, “Ac- 
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cording to a definite, well planned program of action/’ Among the 
various problems which should be studied the following are mentioned: 

1. Practical grades and standards for use in buying cream for butter 
making purposes. (The writer questions the existence of su(‘h grades 
at the present time.) 

2. Practical (*ommercial market grades for milk. (At present there 
are many grades, most of which ar(‘ impracti(‘abl(^ for use as commercial 
grades.) 

3. State and federal regulation of quality labels on dairy products, 
(Such regulation may be considered necessary to promote the marketing 
of dairy products on a quality basis.) 

4. Increased efficiency in marketing dairy products. (Are producers’ 
marketing organizations a step toward increased efficienev?) 

5. lOssential dairy marketing statistics. (What comprise such statistics 
and how can they best be made available to the industry?) 

0. National advertising of dairy products. (Is such possible and 
what conditions are necessary for its suc(‘ess?) 

The foremost problem of the dairy industry is that of improved qual- 
ity in our dairy products. In an article in the next issue of the Jotuinal, 
this subject will be discussf^d and a suggested plan of solution of this 
problem presented. Is that plan practicable? Can the Dairy Pro- 
ducts Section of the American Dairy Science Association suggest a 
practical plan or can it aid in working out a practical plan for the solu- 
tion of that question? If the plan suggested in the article referred 
to above is not practicable, the Forum offers a medium for the exchange 
of ideas whereby a practical program of action for the solution of that 
problem by the Dairy Products Section may be discussed. Why should 
not the members of the Dairy Products Section use the Forum for that 
purpose? 

Roy C. Potts, 

Chairman of Dairy Products K^ection. 



BOOK REVIEW 


The American Home Diet. Dr. E. V. McCollum and Nina Simmonds. 

P>ederick Mathews Company, Detroit-, Michigan. 

In this book the authors have set forth in very clear and simple lan- 
guage which every reader can understand, the appliijation to the modern 
American diet of the newer principles of nutrition that have been 
evolved during the past few year«. 

No greater tribute can be paid the authors than to say that it is es- 
sentially a mother’s book, whose aim it is to point out specifically what 
constitutes a safe and wholesome diet and to simplify the mother’s 
work in planning and providing such a diet for her family. 

In order best to give the reader an appreciation of these newer prin- 
ciples of nutrition and their relation to health, there is a simple discus- 
sion on the relation of diet to health and the alarming increase of old 
age diseases and their prevention to a large extent through correct diet. 
Deficiencies in certain groups of foods and how these can be offset by 
combining with other gi'oups not deficient in that particular food re- 
quirement, is clearly set forth. Thti dietary properties of the more 
important American foodstuffs, and their values, as wcdl as their de- 
ficiencies, are pointed out. The value of leafy vegetables and milk and 
milk products as protective foods is especially emphasized. A chapter 
is devoted to the discussion of dangerous foods and the proper care of 
foods in the home. There is also a chapter devoted to the feeding of 
young children. 

The second part of the book contains a set of menus for every day 
of the year. In these menus the right combination of seasonal foods 
and correct methods of preparation are exemplified, thus saving the 
housewife’s time in planning the meal. A number of recipes are also 
included, although the authors lay no claim to having written a cook 
book. 

In the light of the newer discoveries in the field of human nutrition 
this book is a corner stone upon which to build a healthier, happier 
and more virile American life. 

J. H. F. 
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STUDIES ON CONFORMATION IN RELATION TO MILK 
PRODUCING CAPACITY IN CATTLE' 


IT. The Pbiisonal Equation of The Cattue Judge 
JOHN W. GOWEN 

Biological Lahoiatory, Maine A(p 'icullnrol Experiment Stationf Orono, Maine 


Progress of the dairy cattle industry depends in the last analy- 
sis on men. If these men are gifted with that supernatural 
power by which they can choose the best from the best, progress 
toward the desired goal will be rapid. But should these men be 
misfits, ever making the undesirable choice, progress will be nil 
or worse. It is the man equation which counts. 

The history of dairy cattle brecnling is honeycombed with the 
personal equation of the men who laid the foundation of our mod- 
em industry. It is in fact to the combined ideals of the breeder 
and showman of the past that we ow'e the form and conformation 
of the cattle of today. As originally conceived these ideals natu- 
rally varied. The animal, at first taken as a whole, came more 
and more to be regarded as composed of parts, each with a definite 
function. As a further development it became evident that these 
functions were co-related and that conformation of one part of 
the body might indicate the functioning of another part. The 
paramount importance of determining these co-relations be- 
tween body conformation and milk yield was recognized 
early. Point by point the characters of the good cow as dis- 
tinguished from the poor producers were picked out and segre- 
gated in men\s minds. Their origin was diverse, one appearing 
in this community, the other appearing miles away. In its 
earliest beginning in the eighteenth century, we owe one of the 
first points of cattle judging to an obscure section of Scotland; 


^ Papers from the Biological Laboratory of the Maine Agricultural Experiment 
Station, No. 140. 
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later the Jersey Isle contributed others, and the Frenchman, 
Gu6non, called attention to the escutcheon. Thus to each 
dairying locality is the modem dairyman indebted for some 
information on the selection of dairy animals. Most of the points 
were passed down from generation to generation by word of 
mouth. In this stage the ideas were plastic, being shifted for 
truth and molded in form by each generation. It is to Le Contour 
that we owe the collection and rounding out of the early ideas 
into a complete whole. He did his work well, for, if we examine 
the score card of the show ring or the text book, little visible 
change has been made from that which he originally published 
save in the most minor points. 

Today we are face to face with much the same problem that 
Le Contour tried to solve with his score card. The opportuni- 
ties for progress are better, however. Whereas in his day the 
milk scales were almost unknown, today they are so common and 
inexpensive that some sort of record should be available for most 
cows. Dependence no longer need be placed in the judgment of 
the man in determining the best from the poorest. Unfortu- 
nately the wily craftsman from whom it is sometimes necessary to 
buy has shaken the confidence in such records, unless they are 
certified by some such means as the advanced registry. The 
problem consequently becomes nearly as acute as in the former 
days when lack of instruments made conformation the basis of 
most selection of dairy cattle, .(inalytically considered, however, 
the dairy cattle industry is in a more advantageous position. In 
the days of its beginning the points of conformation were not sub- 
ject to any adequate test of their validity both because of the lack 
of suitable records and because of the lack of proper methods. 
Natixrally many spurious points with little or no relation to milk 
yield made their appearance .among the truly legitimate char- 
acters by which the good cows with adequate production at the pail 
could be selected from the poor producers. Today both the data 
and the methods are available to properly test the true worth of 
the points of conformation. 

The American Jersey Cattle Club has collected a large series 
of data on the scores of cows making their advanced registry. 
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These records have been made available for analysis by this 
laboratory through the kindness of Mr. Gow.= These records 
have already been analyzed’’ to show the value of the different 
points as indicators of the cow’s ability in the 365-day test. 
Briefly the points of conformation which bear more particularly 
on milk yield are the total score of the cow or what might be called 
the cow taken as a whole; the character, size and elasticity of 
milk veins; the size and (luality of the whole udder; the size of 
the rear udder; the shape and size of the jiaunch; the general ap- 
pearance of the cow; the thighs flat and well cut out, and the 
length of the rump. ’Phe other points are of such small worth as 
indicators of the milk producing capacity of the cow that they 
may be neglected without any appreciable error. 

It was further shown that if we compare the relative worth of 
conformation as a whole (total score) or of any of the individual 
points Jis a measure of 365-day milk yield with a milk yield of 
short duration as a measure of the 365-<lay production it is 
found that a milk record of Holstein -Friesian cows even though it 
was only taken for seven days was about two and one-half times 
as good an indicator of the cow ’s ability as were any of the physi- 
cal points of conformation.' 

Pausing to consider briefly these facts we see that a seven-day 
test might be considered as an objective test whereas the value 
of the points on conformation arc a subjective test for the cow’s 
producing ability. That is, the seven-day test is simply depend- 
ent on the reading of the scales that weigh the milk, whereas 


'■* The iml.hor wisht's ti) express his ]K*rsoual appreciation for this cooperation. 
•‘Gowen, John W,, Oonfomiation and its relation to milk producing 

capacity in Jersey cattle. Jour. Dairy Science, vol. iii, no. 1, 1-32, 

^ It may be argued that since these data are for advanced registry cattle they 
are not of general application. This may be true in part. In a comparison of the 
size and elasticity of milk veins with milk yield Aldrich and Dana (Aldrich, 
A.M., and Dana, J.W. 1917. The relation of the milk veins system to production. 
In Bui. 202, Vermont Agricultural Experiment Station, p. 1-24, fig. 3) showed 
essentially the same correlation coefficients on (KX) cattle selected presumably at 
random which were shown in the author's former paper on scores of these organs 
and milk yield. Such being the case it would appear reasonable to suppose that 
the relations as above deduced from registry of merit cattle are not materially 
different from those actually found in dairy cattle a.s a whole. 



362 


JOHN W. GOWEN 


the use of a scale of points to judge a cow formilk yield depends not 
on any external scale but on the mentol processes or mental abil- 
ity of the judge to so balance his cuts as to show the true worth 
of the cow. From this it follows that the conformation of the 
cow as a measure of milk yield would in all probability be sub- 
ject to the personal bias of the judge. xVnalysis of the data on 
this point shows that such is in truth the case. In table 1 are 
given the constants for the average score and milk yield as cal- 
culated for each of the 19 different judges. These judges are 
selected to include those which had scored 25 or more cows with 
known milk yields. The probable errors are calculated by the 
ordinary method. It is realized that this method makes it sub- 
ject to some error, causing the probable error to be too low^ in 
amount. The judges are indicated by a code number of this 
laboratory. 

Examination of the mean score for each judge as given in table 
1 shows that considerable difference of opinion exists. If this 
mean score is compared with milk yield, the differences become 
even more marked. '^Fhus judge, I gives his cows a score of 91.9 
when these cows’ average milk yield is 7045, whereas in the opinion 
of all the judges, cows of this milk yield should be scored only 90.1. 
Judge 58 gives cows whose milk yield was 7538 a score of only 
85.5 an the average. If these two judges’ opinions be compared 
it is seen that on cows of approximately the same milk jdeld they 
have a difference of 6.5 ±0.6 points on score. Other comparisons 
bring out similar results. Where such differences exist there 
must be a corresponding diversity of opinion in the minds of 
judges of dairy cattle as to what score should be given to animals 
of a given milk yield. This, of course, does not say that the 
judges who score all of their cattle high for a given average of 
milk production are better judges of milk yield from conformation 
than those who score their cattle lower. In fact the reverse may 
be the case. ’Hie only difference is that the mental scale of the 
value of conformation for milk yield differs in men, causing the 
resulting score on cows of the same milk yield to be lower or 
higher in accord with the relative level of their mental scale. The 
judges 1 and 58 illustrate such a condition of affairs, judge 58 
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scoring cattle actually though not significantly better for milk 
yield than judge 1, although no. 58 has a lower scale for scoring. 

If the relative variation of score and milk yield between these 
different judges is studied, the high score is seen to be associated 
with high milk yield and low score with low milk yield. Thus 
even between these judges there remains after deducting the 
personal equation some association between milk yield and total 

TABl.E 1 


Mean score and milk yield of Jersey registry of merit cattle as scored by nineteen 

different judges 


BCOUFK 
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score. All correlations are very low and their probable errors so 
great, due to lack of numbers, that it is doubtful if comparisons 
between judges should be considered as more than indicative, 
however. 

The amount of variation for the total score and amount of milk 
is shown for each of the judges in table 2. 

No particular association is shown to exist between the varia- 
tion of each judge in his total score and the variation of t he cattle 
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he judged as to their milk yield. That is because one judge was 
scoring a group of cows highly variable in their milk yield it was 
no sign that his scoring of these cattle would show more variation 
than would the scores of a judge rating a group of cattle whose 
milk yield was less variable. In fact, it was equiprobable that the 
scores of the tw'o judges would be equal in their variation. 

I'AHLE 


Standard deviationn of total score and of milk yield for Jersey registry of merit cattle 
as scored by nineteen different judges 


JUDGB 
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If comparison is made between the data of tables 1 and 2 it is 
clearly seen that each judge has his personal scalefor judging cattle. 
Thus, if we compare the two judges 20 and 31 it is found that these 
judges scored groups of cattle quite similar in milk yield, in fact 
differing only by about one-twentieth of its total amount. The 
milk yields of the two groups of cows were nearly the same in 
variation. I’he average score m each case was practically the 
same but the score of judge 31 was about one-third less than the 
score of judge 20. 
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Some likenesses are shown to exist between the way in which 
the judges score different groups of cattle. Thus the judges who 
give the higher average scores to their cows have a less variation 
of their scores between cows than the judges who give their cattle 
lower scores even though the milk yields of these cows arc more 
variable. 

No particular relation (exists betw'een the average milk yield and 
the variation of the score. 

TABLE 3 

Correlatioj} between score and milk yield Jor Jersey registry of merit cattle as shown 
by nineteen different judges 
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■0.241 ±0.052 
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The foregoing results all point to the conclusion that judges 
differ in the mental scale by which they judge cattle. It now 
remains to be shown if the mental scale of each judge is equally 
adequate in placing the different cow’s properly as regards milk 
yield and butterfat percentage. The data of table 3 furnish the 
information necessary for such a comparison. 

Table 3 shows that of the nineteen men who judged different 
groups of Jersey registry of merit cattle nine clearly could judge 
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dairy cattle by the score card and select the better milkers, 
eight were mediocre judges, and two were worse than mediocre, 
giving the low producing cows better scores than the high pro- 
ducers. On the correlation scale the. range of ability was large, 
from 0.014 to — 0.098. The average ability of this group of judges 
to score cattle for milk yield was 0.246. This is about 25 per cent 
better than is the judgment of the average trained dairy man as 
given for all cattle. 

If these results are compared with those of tables 1 and 2 sev- 
eral interesting points appear. There is no relation between the 
average score given by each judge to his group of cows and the 
ability of that judge to score those cows for milk production. 
When it is noted that the mental scale of each judge differs 
considerably this fact is significant. It shows clearly why two 
equally good judges of cattle may place their cows several points 
apart, while at the same time they keep the cows in the relative 
order of milk yield. 

The comparison of the mean milk yields of the different groups 
of cows as given in table 1 with the ability of the judges to score 
cattle as given in table 3 shows that the cows whose average milk 
yields are the larger are more easily judged for milk yield than 
are the groups of cows whose average milk yields are lower. 
Likewise, it is shown in tables 2 and 3 that the groups composed of 
cows with quite variable milk yields are more easily judged than 
arc those groups of cows which have milk yields closely similar. 
It is furthermore shown that the men who can score cattle most 
accurately for milk yield tend to have their scores show more 
variation than do the men who cannot score cattle as well. There 
may be some effect of the kind of judges which score the two 
groups, the judge scoring the better group being more able than 
the judge scoring the lower yielding cows. 

While other considerations enter into the judging of dairy 
cattle, its prime object is the selecting of the cows which will be 
good milk producers. As pointed out for table 3, only about 
one man in two can even approach doing this. Such being the 
the case, the individual man will do well before he relies entirely 
on his ability to select cattle by their conformation to make a 
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sufficient test to convince himself that he is one of those gifted 
men who can judge dairy cattle. 

The average value of the ability of these nineteen judges to 
score cattle is only 0.240, measured in the correlation scales. 
While this indicates the pomts of conformation as worth some- 
thing as a means of predicting milk yield, still it does not make 
them worth a great deal. If comi)arison is made between this 
figure and that for the relation of a milk yield of short duration 
(seven days) with the milk yield of the year period it is found that 
the milk yield is nearly two times as valuable as an indicator of milk 
production over the long j)eriod as is the conformation of the cow 
even though this conformation be judged by men of long expe- 
rience. The further advantage of the short time test lies in the 
fact that almost anyone can weigh milk. No personal equation 
need be present in recording the weights. Such being the case, 
when accurate records are obtainable the dairymen or buyer 
would do well to consider the milk yields carefully in selecting 
dairy cows. 


Appendix Tables 

Correlation tables of milk yield* and total score for each judge; Jersey registry 

of merit cows 
Jersey scorer 1 


TOTAL SCORE 


MILK 


taoh DAY 

yield) 

100-98 

98-96 

90-94 

94-92 

92-90 

149-139 



1 



139-129 






129-119 

1 




1 

119-109 




1 

1 

109-99 


1 

2 

1 

2 

99-89 


1 

5 

2 


89-79 


2 

6 

G 

2 

79-69 



7 

9 

8 

69-59 


2 

7 

5 

4 ! 

59-49 

1 

1 

3 

2 

2 

49-39 


2 



1 

39-29 







2 

9 

31 

26 

21 j 


90-88 

88-86 

86-84 

84-82 

82-80 







1 






2 






2 

1 





7 

2 


1 



11 


2 

1 



19 

8 

1 

2 



35 

7 

2 



3 

30 

1 

2 




12 


1 


1 


5 

19 

8 

4 

1 

3 

124 


•*366 day milk yield given in thousands. 
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(Scorer 2 



Jersey scorer 6 



g Ss ^ 
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Scorer 20 


MILK 

TOTAL BCOUB 

(865 DAY YIELD) 

100H)8 

»8-9G 9G-9t 

94*92 

92-90 90-88 88-86 86-84 84-82 


149-130 


1 



1 

139-129 




i 


129'119 






119-J09 


2 1 


1 

4 

109-99 


1 

2 

1 

4 

f)9-89 



1 


1 

89-79 


1 4 

4 

1 

10 

71>-69 


3 

2 

2 1 

8 

69-7)9 




2 2 2 1 

7 

5fM9 




1 1 2 

4 

49-39 






39-29 








3 10 

9 

5 5 6 11 

39 


Jersey scorer SI 


MILK (366 DAY yield) 

100-08 

98-96 96-94 

94-92 

92-90 

90-88 ; 

88-86 1 

86-84 

169-159 



1 




1 

159-149 








149-139 


1 





1 

139-129 




1 




129-119 



1 

1 



2 

119-109 


1 

2 

2 



5 

109-99 


2 


1 

2 

1 

8 

99-89 


‘) 

4 

7 

6 

3 

22 

89-79 


2 

2 

7 

4 

3 

18 

79-69 


1 6 

7 

S 

8 


3 33 

69-59 


2 

13 

S 

9 

4 

36 

59^9 


1 

5 

6 

4 

2 

18 

49-39 



1 

2 



3 

39-29 










1 17 

^ 38 

42 

33 

13 

3 147 



370 


JOHN W. GOWEN 


Scorer SS 


MILK 




T<)TAL 8COIIB 





(365 DAY yield) 

100-98 

98-96 

96-94 

91-92 

92-90 

90 - fi8 

88-86 1 

86-84 

84-82 


149-139 



1 

1 






2 

139-129 











121H19 



2 

*> 






4 

119-109 


1 

1 


1 





3 

100-99 


4 

4 

1 

1 1 

1 




11 

99-89 


3 

3 

5 

3 

3 

1 



18 

80-79 


1 

5 

13 

8 

1 

2 



30 

79-69 


2 

6 

5 

8 


1 


1 

28 

69-59 


o 

3 

9 

^ 7 

7 

2 

1 

1 

32 

59-49 



1 

2 

1 

3 

2 

1 


10 

49-39 





1 



1 

1 

3 

39-2<) 








1 


1 


13 

26 

38 

30 

1 20 

8 

4 

3 

142 


Jersey scoter S7 



Scorer 80 


TOTAIi SCORE 


(365 DAY YIELD) 

100-98 

98 -9 C 

96-94 

91-92 

92-90 

90-88 

88-86 

86-84 

84-82 

13fr-129 

129-119 

119-109 

109-99 




1 






91^89 




1 






89-79 


1 

2 

1 

1 




1 

79-69 



3 

3 


2 




69^-59 




4 

3 

1 

1 



59-49 

49-39 

39-29 




1 

3 

i 


1 




1 

2, 

9 

7 ; 

3 

1 


1 


Jerficy scorer 84 


TOTAL HfOKE 


(365 DAY 

YIELD) 

g 

S 

^ ! 


94-92 

A 

90-88 

•r* 

uc 

eo 

•ari 

i 

OD 

Sc 

ar» 

o 

oo 

on 

1 

CO 


4* 

i- 

O 

S 


119-109 


1 




! 










1 

109-99 






1 










1 

9f^-89 




1 

1 

1 1 


1 

i 

1 






7 

89-70 


1 




4 i 

1 

1 








7 

79-69 





2 


1 

1 

2 

2 

2 I 

1 




11 

69-59 





1 



1 

4 

3 





1 

10 

59-49 







1 


1 







1 

49-39 

39-29 


i 








1 






1 



2 

2 

1 

4 

6 

‘> 

1 

4 

7 

7 

<> 

1 

I 


1 

39 


Scorer 89 


(366 DAY YIELD) 

100-98 

98-96 

96-94 

94-92 

92-90 

90-88 

88-86 

86-84 


119-109 




1 





1 

109-99 



1 


1 




2 

99-89 



2 

3 

3 




8 

89-79 


1 

1 

2 


1 



5 

79-69 



1 



2 


1 

4 

69-^9 




1 

1 

1 

1 


4 

69-49 

49-39 

39-29 

1 




2 




2 



1 

5 

7 

7 

4 

1 

1 

20 
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Jersey scorer 102 


TOTAl^ HCORJC 


MIL.K 


(365 DAY yikld) 

100-08 

98-06 

96-04 

94-92 

92-90 

90-88 

88-86 

86-84 

84-82 


14^139 

139-129 

129-119 



1 


1 

I 

1 

1 

1 





1 

119-109 

109-99 





2 





2 

99-89 


1 

1 

3 






5 

89-79 




1 

3 

1 




5 

79-69 



2 

5 

2 

3 

2 

2 


16 

69-59 




3 

3 

1 

2 

1 

1 

11 

5{>-49 



1 

2 

5 

1 

4 

4 


17 

49-39 

39-29 



i 

1 

1 





2 


1 

1 

5 

15 

16 

6 

8 

7 

1 

59 


Scorer 117 


TOTAL SroitK 


(305 DAY 1 
YlfiLD) 

10 ( H )8 

98-^6 

96-94 

94-92 

92-90 

90-88 

88-86 

1 

86-84 

84-82 

82-80 


109-99 




1 





1 


! 2 

99-89 





1 


1 





89-79 



1 1 

1 


1 


V 



f6 

79-69 





1 

2 

1 

3 

5 

1 

13 

69-59 



1 

2 

o 

t > 


2 

2 

1 

2 

13 

59-49 




1 


2 

1 

1 

1 


6 

49-39 


1 










39-29 















2 

5 

5 

5 

5 

9 


3 

1 42 


Jersey scorer 118 


(365 DAT yield) 

100-98 

98-96 

96-94 

94-92 

92-90 

90-88 

88-86 

86-84 

84-82 


109-99 



1 



j 

j 



1 

99-89 





1 

1 




2 

89-79 



o 

2 

1 

1 

1 



7 

79-69 



6 

6 

1 

2 

1 

2 


18 

69-59 



1 

5 

5 

1 


1 

1 

14 

59-49 

49-39 

39-29 

1 


<> 

3 

4 

5 




14 




12 

16 

12 

10 

2 

3 

1 

56 
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THE PROTEINS OF COTTONSEED MEAD 
I. AMINO ACID CONTENT 


W, B. NEVENS 

From the Department of Anim,al IIiLsbandry, University of Illinois^ Urhana 
I. INTRODUCTION 

One of the earliest references to the proteins of cottonseed 
meal was made by Ritthausen (1), who separated the pro- 
teins in the form of spheroids. Osborne and Voorhees (2) 
isolated a protein from cottonseed meal which had the nature of 
a globulin, being soluble in salt solutions, and comprised 42.3 
per cent of the total nitrogen of the meal. Another protein 
(or proteins) was found to be insoluble in salt solutions but 
soluble in 0.2 per cent potash solution and amounted to 44.3 
per cent of the total nitrogen of the meal. Two per cent of the 
total nitrogen was present in the form of water soluble proteose. 

TABLE 1 


Percentage of nitrogen in the different groups in various proteins 


BOUKCK 

N A« 
AMMO- 
NIA 

BAHtC; 

N 

NON- 

BABIC 

N 

Nin 

MgO 

PRBCIPI' 
TATI ON 

TOTAL 

N 

Globulin^ cottonseed ... 

1.92 

5.71 

11.01 


18.64 

Globulin, wheat 

1.42 

6.83 

9.82 

0.28 

18.39 

Zein, maize 

2.97 

0.49 

12.51 

0.16 

16.13 

Hordein, barley 

4.01 

0.77 

12.04 

0.23 

17.21 


The distribution of nitrogen in various protein bodies was 
studied exhaustively by Osborne and Harris (3), who employed 
the modified Hausmann method (4). The following values are 
typical of their results. 

1 The results presented in this paper formed part of a thesis submitted to the 
Graduate School of the University of Illinois in partial fulfillment of the require- 
ments for the degree of Doctor of Philosophy in Animal Husbandry. 
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These investigators state that “This wide variation in the 
proportion of basic decomposition products of the various pro- 
teins .... raises important questions regarding their food 
value.” Osborne (5) further fomid that the basic nitrogen of 
the globulin of cottonseed, as determined by precipitation with 
phosphotungstic acid, consisted of 3.46 per cent histidine, 13.61 
per cent arginine and 2.06 per cent lysine. 

The content of the mono-amino acids of the “edestin” of 
cottonseed meal was determined by Abderhalden and Rostoski 
(6) by the use of the Fischer ester method (7), and is as follows, 


calculated for dry, ash free edestin of cottonseed: 

per cent 

Glycocoll 1.2 

Alanin 4.5 

Amino valerianic acid Present 

a-proline 2.3 

Leucin 15.5 

Glutamic acid 17.2 

Aspartic acid 2.9 

Phenyl alanin 3.9 

Serin 0.4 

Tyrosin 2.3 

Tryptophane Present 


The quantitative determination of the amino acids of feeding- 
stuff s by means of the Van Slyke method (8) was undertaken 
by Grindley and his co-workers (9), and a little later by NoUau 
(10). In NoUau ’s procedure, samples of the finely ground feeds 
were hydrolyzed with 20 per cent hydrochloric acid until the 
content of amino acid, as determined by the Van Slyke method, 
became constant. The material insoluble in hydrochloric acid 
was filtered off, the clear extract concentrated under diminished 
pressure and made up to a certain volume. The total nitrogen 
content of this extract was used as a basis for calculating the 
final results. In a report of the .subsequent work of Grindley 
and co-workers (11), it is claimed that since NoUau filtered off 
the soUd residue after hydrolysis of the feedingstuff and before 
noaking his total nitrogen determinations upon which the final 
calculations were based, that his results are not accurate since 
a part of the total nitrogen was undoubtedly discarded in the 
soUd residue. 
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The heats of combustion of several vegetable proteins were 
carefully determined by Benedict and Osborne (12). The 
globulin of cottonseed was found to yield 5596 calories per 
gram, compared to 5358 calories per gram for the globulin of 
wheat and 5916 calories per gram in the case of the hordein of 
barley. In commenting upon their determinations, the inves- 
tigators state that "many irregularities. . . . appear, which 

are doubtless due to the different proportion of the various amino 
acids which constitute the molecules of the different proteins.” 

It is evident from the foregoing discussion that mu* knowledge 
of the composition of the proteins of cottonseed meal is very 
incomplete. The globulin is the only protein of cottonseed 
which has been isolated in pure form and whose composition 
has been determined. The globulin, however, according to 
Osborne and Voorhees, contains only 42.3 per cent of the total 
nitrogen of the cottonseed. The character, identity and chemical 
composition of the remaining proteins are practically unknown, 
and it is evident from the data given above that our knowledge 
of the distribution of the nitrogen in the proteins of cottonseed 
meal is very meager indeed. The investigation of the distribu- 
tion of the nitrogen in the proteins of cottonseed meal therefore 
constituted the object of this study. 

II. METHODS EMPLOYED IN CHEMICAL AN.-VLYSIS* 

The method of analysis employed consisted of two main 
procedures. The first consisted of a series of extractions whereby 
the nonprotein together with a very small amount of protein was 
first removed, and following this, the proteins were extracted 
from the residual matter of the sample which consisted mostly of 
fiber. The second main procedure embraced the hydrolysis of 
the extracted proteins, and the analysis of the resulting solution 

2 The method of procedure here outlined is one which has been developed and 
perfected in this laboratory by Dr. H. S. Grindley, Mr. T. S. Hamilton and asso- 
ciates (9, Uf 33, 36 and unpublished manuscripts). The method of extraction 
preliminary to hydrolysis of the proteins has been developed entirely in this 
laboratory, while the actual determination of the nitrogen in the different groups 
follows closely the method of Van Slyke, but includes modifications perfected 
in this laboratory. 
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for certain amino acid and other groups according to the general 
method of Van Slyke (8). 

The sample of cottonseed meal was prepared from good 
quality commercial meal, finely ground and passed through a 40- 
mesh sieve. Each sample taken for analysis weighed 15 grams 
and contained 1.0194 grams of nitrogen, or about 6 grams of 
protein. 

In the first three extractions, which were carried out con- 
secutively, cold anhydrous ether, cold absolute alcohol and 
cold 1.0 per cent trichloracetic acid wei*e used. The samples of 
feeding stuff were placed in 500 cc. centrifuge bottles and 100 
to 200 cc. of the reagents added. The bottles were placed on 
a shaking machine which rolled them back and forth continually. 
Usually two extractions were made each twenty-four hours, one 
extraction period being seven to eight hours and the other 
15 to 16 hours in length. At the end of the extraction period, 
the sides of the bottles were washed down with the reagent, the 
bottles centrifuged and the clear supernatant liquid decanted. 
Usually six or seven extractions with each reagent were necessary. 

The ether and alcohol extracts were filtered and any residues 
returned to the centrifuge bottles. After slight acidification 
with sulphuric acid, the ether and alcohol were evaporated and 
recovered and total nitrogen determinations made on the residue. 
The small amount of protein removed in the trichloracetic acid 
extracts was recovered by precipitation with colloidal ferric 
hydroxide (containing 5 per cent FejOs) in boiling solution. 
The precipitate was transferred to a digestion flask with 20 per 
cent hydrochloric acid, and total nitrogen determined in the 
filtrate. 

The bulk of the proteins was removed from the residue re- 
maining after extraction with 1.0 per cent trichloracetic acid 
by extraction, first, with dilute sodium hydroxide solution, then 
with 20 per cent hydrochloric acid followed by treatment with 
5 per cent sodium hydroxide solution. The dilute sodium 
hydroxide solution used during the shorter period was a 0.2 per 
cent solution and that during the longer period a 0.1 per cent 
solution. These extracts were neutralized, acidified with hydro- 
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chloric acid and concentrated in vacuo to a small volume. An 
equal volume of concentrated hydrochloric acid was then added. 
The residues remaining after treatment with dilute sodium 
hydroxide solution were boiled for three minutes with 20 per cent 
hydrochloric acid. After cooling, the solution was filtered 
off, the residue washed and the procedure repeated once. The 
washings were evaporated to a small volume, an equal volume 
of concentrated hydrochloric acid added and the w^ashings then 
combined with the main hydrochloric acid extract. The residues 
insoluble in hydrochloric acid were treated three times with 5 
per cent sodium hydroxide solution using centrifuge bottles as 
in former extractions. After washing the residues nearly free 
from alkali, they were submitted to Kjeldahl analysis. The 
extracts and washings were acidified with hydrochloric acid, 
concentrated in vacuo and transferred to digestion flasks with 
an equal volume of concentrated hydrochloric acid. 

The proteins precipitated by colloidal iron and the proteins 
removed by extraction with dilute sodium hydroxide, 20 per 
cent hydrochloric acid and 5 per cent sodium hydroxide were 
completely hydrolyzed by boiling for fifteen hours upon a 
combined electric plate and sand bath under reflux condensers. 
The resulting solutions were combined and analysis for the 
chemical groups characteristic of certain amino acids executed 
essentially as directed by Van Slyke (8), but with the use of 
minor improvements perfected in this laboratory. 

III. DISCUSSION OF RESULTS 

The results obtained by application of the method of chemical 
analysis outlined in the preceding section to eight portions of the 
same original sample of cottonseed meal are shown in the accom- 
panying tables 2 and 3. Table 2 shows the values expressed in 
percentage of the total nitrogen present in the sample of feeding 
stuff when it was taken for analysis, while table 3 shows the same 
values expressed in percentage of the feeding stuff itself. 

Two averages are included in the tables. The first is com- 
piled by taking the average of all values obtained by analysis of 
the entire eight samples. The second average is obtained by 
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Summary of Ihe results of analysis of the proteins of cottonseed meal 
(Results expressed m percentage of the total nitrogen in sample) 
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TABLES 

Summary of the results of analysis of the proteins of cottonseed meal 
(Results expressed in percentage of the feeding stuff) 
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averaging the results secured in the analysis of the complete 
samples C2, C3, C6 and C7. It is believed that the latter 
average more nearly expresses the actual composition of the 
commercial cottonseed meal used, for the following reasons: 
(a) These samples, i.e., C2, C3, C6 and C7 show the best agreeing 
results throughout. The two parts of sample Cl agree well in 
the amount of arginine nitrogen, but show a considerable differ- 
ence in the amounts of amino nitrogen, non-amino nitrogen and 
histidine nitrogen. The totals of the nonprotein nitrogen plus 
the protein nitrogen arc considerably below the average of all the 
samples. In sample C4 the non-amino nitrogen is particuTrly 
low, this value being one of the principal factors contributing 
to the noticeably low nonprotcin plus protein of this sample. 
Sample C5 is omitted from the average partly on account of the 
non-agreement of its arginine nitrogen and histidine nitrogen 
values. Of the latter values, one is 3 per cent above the average 
of all samples, (b) The second average, i.e., of samples C2, 
C3, C6 and C7, includes values which are most free from obvious 
errors. In making the determinations in the case of sample 
C4, two determinations were lost, and in the case of sample C5, 
one determination was lost. While the results obtained for sam- 
ple C8 agree fairly well throughout with themselves and with the 
average, the results are consistently high, and it is excluded 
from this average on the grounds of the totals obtained, which 
are obviously too high. 

Nonprotein nitrogen. The first section of tables 2 and 3 shows 
the amount of nitrogen removed in the preliminary extractions 
with absolute ether, absolute alcohol and trichloracetic acid. 
While the absolute ether in the cold is used primarily to remove 
the lipins, such as the oils, waxes, etc., it also dissolves various 
amounts of other substances, such as coloring matters, and at the 
same time a small amount of nitrogen. The thorough extrac- 
tion with absolute alcohol following the treatment with absolute 
ether presumably completes the extraction initiated by ether. 
The alcohol removes somewhat more nitrogen than the extrac- 
tion with ether. The bulk of the nonprotein nitrogen accounted 
for, about 89 per cent of the total, remains, however, in the tri- 
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chloracetic acid extracts after precipitation of the proteins by 
colloidal ferric hydrate and the removal of the precipitate by 
filtration. That the nitrogen determined in these latter extracts 
is not protein nitrogen is apjiarent from the work of Van Slyke, 
Vinograd, Vilchur and Lo.see (13), Hill (14), Wolff (15), and 
others. 

It seems from the study of the character of the nonprotein 
nitrogenous constituents of feedingstuffs by Cirindley and 
Eckstein (IG) that the forms of nitrogen represented in this 
classification consist principally of those forms naturally re- 
sulting from the chiavage of the proteins upon hydrolysis and 
therefore could not interfere in the determination of the charac- 
teristic cliemical groups of the proteins were they not removed 
in the preliminary extractions. Neidig and Snyder (17), who 
recently determined the proportion of nitrogen in the form of 
ammonia in the ether extracts and alcohol extracts of different 
kinds of silage, found that from 28.1 per cent to 100 per cent of 
the ether extract nitrogen consists of ammonia nitrogen, while 
from 14.2 per cent to 23.4 per cent of the alcohol extract nitrogen 
is yielded as ammonia nitrog<ui. This indicates that only a 
part of the nitrogen solubk; in ether and alcohol would appear 
in the ammonia fraction were it not removed previous to hydrol- 
ysis. Therefore, the removal of the nonprotein nitrogen at 
this point avoids possible complications in the further prose- 
cution of the analytical procedure, and it is believed that the 
accuracy of the further determinations has been increased over 
that of previous methods by the removal of the nonprotein 
nitrogen before hydrolysis of the proteins. The total amount of 
the nonprotein nitrogen present in cottonseed meal found by 
the method used amounted to 0.106 per cent of the total nitrogen 
contained in the feedingstuff. 

Results of the Van Slyke analysis. It is a matter of common 
knowledge that one of the important sources of loss in the analy- 
sis of proteins by methods involving the employment of acid 
hydrolysis is the formation of an insoluble black substance called 
humin. The term melanin is also applied to this substance, 
on account of its supposed relationship or similarity to the 
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naturally occurring body pigments. The amount of hurain formed 
in acid hj-^drolysis of the proteins is greatly increased by the 
presence of carbohydrates, as shown by Gortner and associates 
(18, 19), Hart and Sure (20), and Osborne, Van Slyke, Leaven- 
worth and Vinograd (21). A part of the humin formed, how- 
ever, remains in solution in Ihe hydrochloric acid, and is 
termed soluble humin. 

In these experiments the soluble humin which is adsorbed by 
the lime used in neutralizing the hydrolysate when determining 
ammonia nitrogen, carried with it a larger amount of nitrogen 
than the insoluble humin. The sum of the insoluble plus the 
soluble humin nitrogen found amounts to 6.589 per cent, which 
constitutes no inconsiderable error, since at present it is im- 
possible to determine the character of the nitrogen discarded in 
this form. 

It may be noted by referring to table 1 that the amount of 
soluble humin nitrogen in the first four samples is considerably 
greater than in the succeeding four. Possibly this is due to a 
slight variation in the analytical procedure. In the case of 
samples Cl to C4, inclusive, it was necessary to add 75 to 90 
cc. of calcium hydroxide in order to neutralize the hydrochloric 
acid before distillation of ammonia. About 20 cc. in excess were 
then added. With the next four samples evaporation of the 
acid hydrolysate in vacuo was continued longer in order to 
drive off a greater proportion of the hydrochloric acid. In conse- 
quence, only 30 to 40 cc. of calcium hydroxide were necessary 
to effect neutralization, and in these cases only a small excess, 
about 10 cc., of calcium hydroxide was added. The hypothesis 
is put forward that the presence of a large excess of calcium 
hydroxide during the distillation of ammonia may result in the 
adsorption of some amino acid nitrogen which is incompletely 
removed in the subsequent washing of the sticky mass. 

When it is recalled that the proteins of cottonseed meal form 
approximately 43 per cent of the feedingstuff, the amount of 
nitrogen in the humin resulting from the hydrolysis of these 
proteins, as determined in these experiments, is not excessive 
when compared to the amounts obtained in the hydrolysis of 
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pure proteins by Van Slyke (8), some of whose results are shown 
in the accompanying table. 

The amount of nitrogen recovered as ammonia was quite 
constant in all the samples. Little can be said in regard to the 
significance of this fraction, aside from the fact that the propor- 
tion of the total nitrogen of cottonseed meal which appears as 
ammonia is quite in harmony with that of other feedingstuffs. 

A particularly characteristic feature of the amino acid con- 
tent of cottonseed meal is the remarkably high content of argi- 
nine. 'fhis is much higher than that found in any other feeding 
stuff so far examined, with the exception of peanuts, although it 
is not so high as that found in some other vegetable proteins. 
Van Slyke (8) found 27.05 per cent arginine nitrogen in edestin 

TABI.K 4 


Amounti^ of humin nitrogen in pure proteins expressed in percentage of the total 

nitrogen of the protein 


PHOTELV AND DKSCRIPTiON 

HUMIN NITBOOKN 


per cent 

Gliadin from wheat 

0.86 

Edestin 

1.83 

Fibrin (Merck’s) 

3.43 

Oxyhemoglobin (“pure, crystalized”; 

3.60 

Dog’s hair 

7.35 


while Nollau reported that hemp seed, peanuts, black walnuts, 
and hickory nuts have an arginine nitrogen content of more 
than 20 per cent. 

In the Van Slyke procedure the only amino acids deter- 
mined by direct analysis are arginine and cystine. Just how 
much importance may be attached to the results obtained for the 
latter is questionable, even though the values found in the 
different samples do not vary widely. These values, however, 
probably fall short of the true value, due to losses in the deter- 
mination of cystine. Van Slyke (8) has shown that boiling 
cystine for sixteen hours with hydrochloric acid resulted in the 
conversion of one-half of its nitrogen into forms not precipitable 
by phosphotungstic acid. Since in the analytical procedure de- 
scribed above, hydrolysis of the proteins was carried out by 
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boiling them with 20 per cent hydrochloric acid for fifteen hours, 
it is probable that much of the cystine was destroyed during 
that reaction. If it is assumed that the correct value for cys- 
tine should be double that actually obtained, then the total 
nitrogen of the bases would amount to 31.75 per cent of the 
total nitrogen of the feedingstuff. 

The values given for histidine and lysine are somewhat vari- 
able among the different samples. These variations are likely 
due in large measure to the indirect method used in their deter- 
mination, since slight errors in any or all of the three direct 
determinations of arginine nitrogen, cystine nitrogen and the 
total nitrogen of the bases arc doub'tless all reflected at these 
points. 

The content of mono-amino acid nitr()g<'n of cottonseed meal 
is considerably less than that found in other feedingstuffs, 
possibly due to the greater proportion of the total nitrogen 
which is formed by the basic amino acids. One of the interest- 
ing features of the results of the Van Slyke analysis of the pro- 
teins of cottonseed meal is brought out in the summation of the 
ammonia nitrogen, the nitrogen of the bases, mono-amino 
acid nitrogen, and non-amino acid nitrogen, the four groups 
which represent the total content of strictly amino acid nitro- 
gen as determined by this method. 'Fhe sum of these is 83.132 
per cent. While this sum is not so great as that in the case of 
some other feedingstuffs or of animal proteins, as determined by 
previous investigators employing the Van Slyke method of 
analysis, it is a much larger amount than it was possible to 
secure in most cases from comparable sources by the methods of 
isolation and purification employed by the earlier investigators. 
Thus the tabulations of Lusk (22), combining the results of 
Osborne and associates in this field, show the maximiun amino 
acid content of zein of maize, to be 88.87 per cent and that of 
gliadin of wheat as 86,68 per cent, but in the majority of cases 
the sum of the nitrogen content of the amino acids actually 
isolated from vegetable proteins ranges from 50 to 65 per cent 
of the total nitrogen of the protein. 
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Uncharacterized nitrogen lost in anahjsis. In the various 
steps of the analytical procedure small amounts of nitrogen of 
unknown character are included in residues and solutions which 
are discarded. In general, these have been disregarded by 
workers in other laboratories, esj)ccially those losses occurring 
at points indicated in table 2 by the last four of the subheadings 
included under the heading “Uncharacterized nitrogen lost in 
analysis,” but in this laboratory the nitrogen discarded at each 
of these steps has been determined. Under the above mentioned 
headings, it is shown that, on the average, only 0.492 per cent 
of the total nitrogen remains in the residues insoluble in strong 
alkali, or in other words 99.508 per cent of the total nitrogen 
of the feedingstuff is extracted as a result of the method employed, 
and that in individual cases as much as 99.78 per cent of the 
total nitrogen present w'as removed. As previous workers 
failed to isolate the proteins from the feedingstuff before hy- 
drolysis, it is not established that part of the insoluble residue 
discarded in their methods did not include some nitrogen in the 
form of non-hydrolyzed protein although this does not seem 
highly probable. It is believed, however, that the nearly 
complete extraction of the proteins before hydrolysis lends to the 
accuracy of the method by facilitating hydrolysis and in reducing 
the amount of humin. 

The largest item of loss occurs in the residue which remains 
after dissolving the precipitate of the bases in the amyl alcohol- 
ether mixture. This, presumably, is soluble humin which has 
not been adsorbed by the lime in the determination of ammonia, 
and fouls the solution at this point. This difficulty was also 
encountered by Menaul (23), who employed a preliminary 
precipitation with phosphotungstic acid in boiling solution for 
the separation of the humin and ammonia before the precipita- 
tion of the bases. In the present investigation, very little of the 
soluble humin appeared when the bases were precipitated, in 
most cases the precipitates being free from black particles. 
Washing with alternate portions of amyl alcohol-ether and 
water and then taking up the residue and washing thoroughly 
with water seemed to have little effect in reducing this source 
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of loss. A considerable portion of the nitrogen lost is soluble 
in the amyl alcohol-ether mixture, while smaller losses occur 
in the residues resulting from concentration of the solutions of 
the bases and filtered from the bases. Presumably, tb.e second, 
third and fourth items of loss include some nitrogen which 
should be credited to the bases, but the character of this nitrogen 
was not determined. If those losses can be reduced, the total 
nitrogen of the bases of cottonseed meal may be found to be 
somewhat greater than the amount here reported. 

Total nitrogen accounted for. Summation of the nitrogen 
found in the various fractions of the protein molecule together 
with that in the unavoidable losses in the proc(!dure giv(^s totals 
which average 98.75 per cent. While the use of the Van Slyke 
method of analysis has enabled others to account for as great 
a proportion of the nitrogen of feedingstulTs, it is doubtful, 
for reasons pointed out below, if their results give as accurate a 
picture of the distribution of nitrogen in feedingstuHs as is 
obtained by the procedure employed in the present investiga- 
tion. 

Physiological significance of the basic amino acids. Our knowl- 
edge of the physiological r61e of arginine and histidine has been 
enhanced by the studies of Ackroyd and Hopkins (24). Em- 
ploying rations in which the nitrogen was provided in the form 
of hydrolyzed casein from which these two amino acids had 
been removed by precipitation according to the method of 
Kossel and Kutcher, it was found that rats receiving these 
rations declined rapidly in weight, but that when either amino 
acid was returned to the ration, loss in weight was prevented and 
some growth ensued. The investigators suggest that possibly 
either of these amino acids may be converted into the other 
by the animal body. It was further observed that when argi- 
nine and histidine are removed from the ration, the excretion of 
allantoin, which is the main end product of purine metabolism 
in the rat, was lowered. Subsequent experiments proved that 
the falling off of allantoin excretion was not due to lowered me- 
tabolism. From these observations and from the fact that the 
arginine, histidine and guanine molecules have similar structural 
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relationships, it was concluded that possibly one of the functions of 
arginine and histidine is to fuinish the raw material for the purine 
metabolism of the animal organism. 

The above conclusion regarding the importance of arginine in 
purine metabolism is given added weight by the findings of 
Myer and Fine (25) regarding the creatine content of muscle. 
Differences of as much as 2.5 per cent in the creatine content of 
muscle were noted as a result of feeding rations high and low in 
arginine. 

That cystine plays an important part in nutrition has been 
brought out by several investigators, among them Osborne and 
Mendel (2()). The latter obtained adequate growth by the 
addition of cystine to rations containing 9 per cent of casenn, on 
which growth had been limited. Ceiling (27), working in this 
laboratory, concluded that cystine seems to be necessary for the 
maintenance of adult mie(‘. The importance of cystine to the 
animal organism is admirably set forth by Matthews (28). 

In the intermediary inota})olism of the body, that is, the metabolism 
of the tissue, sulphur probably plays a very important rdle. This is 
shown not only by the fact that it is absolutely necessary for the 
continued existence of the body, as necessary as nitrogen or any of the 
other elements, but also by the fact that it is one of the most labile 
elements of the protein molecule. No other element is split off from 
the proteins with greater ease than this. It is, indeed, the labile 
element par excellence. Moreover, cysteine, which is one of the amino 
acids, readily oxidizes itself. It is a reducing body. It oxidizes 
spontaneously and there are many points in its oxidation which strongly 
resemble the process of respiration. Thus the most favorable concen- 
tration of hydrogen ions for the oxidation of cysteine is the same as 
that in protoplasm; both cysteine and protoplasm are poisoned by 
many of the same substances, such as the nitriles, the cyanides, acids, 
and the heavy metals; their oxidations are catalyzed or hastened in 
the same manner by iron, arsenic and some other agents. For these 
reasons it has been suggested by Hefter and the author that there is 
more than a superficial connection between the oxidation of cysteine 
and the respiration of the cell. 
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The necessity of lysine for growth has been conclusively dem- 
onstrated by Osborne and Mendel (29). When gliadin of 
wheat, which contains only a minute amount of lysine, formed 
the sole source of protein in the rations of rats, the live weight of 
the animals was maintained over long periods, but normal 
growth could not be secured. When lysine w'as added to the 
rations, normal growth occurred. In other investigations (30), 
in which zein of maize was used as the source of the protein, 
it was found that a rat could be maintained at an almost constant 
weight of 50 grams for a period of one hundred and eighty-two 
days when tryptophane was added to the extent of 3 per cent 
of the zein. The further addition of lysine induced normal 
growth. Further study (31) of the necessity of lysine in the 
ration convinced these investigators that about 2 per cent of 
the protein of the ration must consist of lysine in order to pro- 
mote normal growth in the rat. Osborne and Mendel (32) also 
demonstrated the necessity of lysine for the growth of chickens. 

In view of the essential r61e which the basic amino acids play 
in nutrition as brought out abovcs, it is reasonable to assume from 
a survey of the analytical results of cottonseed meal secured in 
this investigation that the proteins of this feedingstuff have a 
high nutritive value. The combined arginine and histidine 
content of cottonseed meal is greater than that of any other 
feedingstuff so far analyzed with the exception of the peanut. 
This feature alone is of great importance in view of the fact 
that arginine and histidine seem to be interchangeable in nutri- 
tion. While the lysiue content cannot be said to be exceptional 
in any particular it seems apparent from the above discussion, 
that the combined proteins of cottonseed meal contain sufficient 
amounts of both cystine and lysine to render them adequate for 
nutrition. 

Comparison with previous analyses of cottonseed meal. As 
shown in the introduction, there are but few determinations of 
the chemical composition of the proteins of cottonseed meal. 
The earliest studies were made upon one of the isolated pro- 
teins, the globulin or “edestin” of cottonseed, the results of 
which can not well be compared to analyses of the combined 
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proteins, since, as previously mentioned, the globulin contains 
but 42.3 per cent of the total nitrogen of cottonseed meal. In 
the accompanying table 5, the values secured by two previous 
investigators who made analyses of the combined proteins of 
cottonseed meal are brought together for comparison with those 
obtained in this investigation. 

It is evident from the results presented that there is a general 
agreement between the three sets of values, but that there are 
considerable differences in .‘several important particulars. As 
pointed out in the introduction, Nollau (10) calculated his re- 
sults upon the total nitrogen content of the hydrolyzed solution 
after filtering off the solid residue insoluble in hydrochloric 


TABLE 5 

Dislrihution of nitrogen in cottonseed meal as determined by different mvestigaiors 
(Results ex]:)ressed in percentage of the total nitrogen of the feeding stuff) 
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Nollau 

6.27 

14 0(i 

12.77 

2 74 

7.57 

1.94 

45.02 

7.49 

97.48 

Grindley 

7.78 

10.45 

19 52! 

0.(>5 

5.17 

4.78 

42.82 

5.43 

96.90 

Nevens 

6.58 

9.40 

lH.74i 

0.91 

7 40 

3.81 

j 40.12 

2.68 

98.75^ 


^ Includes 0.03 yier cent N removed in preliminary extractions plus unchar- 
acterized nitrogen lost in method of analysis. 


acid. This means that all of his calculations are too high, 
since a part of the nitrogen of the sample was undoubtedly dis- 
carded in the solid residue. The value of 6.27 per cent humin 
nitrogen reported by Nollau must, therefore, represent the 
soluble humin nitrogen, which is nearly as large a value as 
that obtained by the writer for the sum of the insoluble humin 
nitrogen plus the soluble humin nitrogen. The amount of 
soluble humin nitrogen found by the writer was but 3.89 per 
cent. Compared to the total humin nitrogen found by Grindley, 
et al. (9), the amoimt of total humin nitrogen as determined 
by the writer was 1.19 per cent less. The reduction of the 
humin nitrogen has no doubt been an important contributing 
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factor in the present investigation in securing somewhat higher 
values of the basic amino aids. In view of the known effects 
of acid hydrolysis of the proteins in the presence of carbohy- 
drates, as already pointed out, it is reasonable to assume that 
the smaller amount of nitrogen discarded in the form of humin 
in these experiments than in those of Grindley may be attributed 
to the more complete separation of the proteins from the carbo- 
hydrates before hydrolysis. 

The method of analysis of the proteins after hydrolysis by 
hydrochloric acid, as employed by Grindley et al., was similar 
to that employed by the writer, the main point of difference 
between the complete procedures being in the omission by the 
former workers of the extractions previous to hydrolysis. At 
just what point the 6.106 per cent of nonprotein nitrogen re- 
moved by the writer in the preliminary extractions might 
appear were it not so removed, is not clear. However, the sum 
of the ammonia nitrogen, amino nitrogen and non-amino nitro- 
gen in the filtrate from the bases, obtained by Grindley et al, is 
6.414 per cent greater than the sum of the corresponding values 
obtained by the writer, so it is possible that these three forms of 
nitrogen as reported by the former comprise some nitrogen not 
derived from the proteins as such. 

It is evident from the table that the nitrogen of the bases as 
found by Grindley and his coworkers are in much closer agree- 
ment with those obtained by the writer than those reported by 
Nollau. The latter's figures for arginine are obviously too 
low, while his cystine values are more than four times as great 
as those of Grindley et al. and three times as great as those of 
the writer. Accordingly, the lysine nitrogen values as calculated 
by Nollau are correspondingly too low. The values for the total 
nitrogen of the bases as found by the three investigators in the 
order given in the table are as follows: 25.02 per cent, 30.42 
per cent and 30.84 per cent respectively, the last being nearly 
0.5 per cent higher than previous determinations. 

The total nitrogen accounted for in the three reports is like- 
wise shown to be 97.86 per cent, 96.90 per cent and 98.75 per cent. 
The greater amount in the last case is evidently due in part 
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at least, to the inclusion of the determinations of the uncharac- 
terized nitrogen lost at points were unavoidable losses occur in 
the method of analysis. These losses were not determined by 
the first two investigators. 

Comparison of the distribution of nitrogen in cottonseed meal 
with that in other feedingshtffs. A comparison of the results of 
analysis of the jnoteins of cottonseed meal, as discussed above, 
with those obtained by Hamilton, (Irindley and Nevens (33) 
for alfalfa hay, oats and corn is of value in studying the relative 
nutritive value of the proteins of these f(;edingstulTs, as well as 
the applicabiUty of the general method of analysis to feeding- 
stuffs which vary wid(>ly in composition. In the analysis of 
oats and ct)rn an additional preliminary extraction, which 
involves the use of hot trichloracetic acid, is employed to remove 
the starch. This extraction is not necessary in the case of 
cottonseed meal and alfalfa hay on account of the absence of 
starch in the former, as stated by Withers and Fraps (34), 
and the relatively small amount of starch in the latter. 

(I’he first point of interest in contrasting these feedingstuffs, as 
may be noted by reference to table fi, is their content of non- 
protein nitrogen. Oats contain more than twice as much non- 
protein nitrogen as cottonseed meal, while alfalfa hay contains 
more than three times as much. Hart and Bentley (35) found 
that 23.5 per cent of the nitrogen of alfalfa hay is present in a 
water soluble form, while (Irindley and Eckstein (16) found a 
value of 28.4 per cent for the same feedingstuff. 

The amount of total humin is greatest in the case of alfalfa, 
a natural result, since the proteins are more difficultly extracted 
from those feedingstuffs containing large amounts of crude fiber. 
The amount of humin in the case of corn is very small indeed, 
considering the high percentage of carbohydrates in this cereal, 
and compares very favorably with the amounts of humin re- 
sulting from the hydrolysis of pure proteins as shown in table 3. 
Cottonseed meal occupies a medium position in respect to the 
proportion of humin nitrogen. 

The most striking difference between these four feeding- 
stuffs is in their basic amino nitrogen content. Cottonseed 
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meal, as already indicated, is exceptionally high in arginine nitro- 
gen, but it is also much liigher in its total basic nitrogen con- 
tent than the other three feedingstuffs, the values for the four 
feedingstuffs being: alfalfa hay, 17.‘n2 i)cr cent; oats, 21.228 
per cent; corn, 17.i)29 per cent; and cottonseed meal, 30.846 per 
cent. The sum of the arginine nitrogen and histidine nitrogen is 
more than twice as great in the case of cottonse(‘d meal as in 
the case of alfalfa hay and nearly twice as groat as that of corn. 
From the considerations proscaited above regai ding the biological 
significance of the basic amino acids, it would be logical to 
assume that these wdde, differences in the chemical composition 
of the proteins of diffei'cnt feedingstuffs indicate similar differ- 
ences in their nutritive value, though i)robably not in corre- 
sponding degree. This point is mentioned in another paper in 
connection with the discussion of the results of the feeding- 
experiment conducted for the purpose of studying the nutri- 
tive value of the proteins of cottonseed meal. 

.\lfalfa hay contains the smallest proportion of mono-amino 
acid nitrogen, possibly owing to its high content of nonprotein 
nitrogen while corn is exceptionallj'- high in its content of 
both mono-amino and non-amino acid nitrogen. 

The largest amount of nitrogen lost in the method of analy- 
sis occurs in the case of alfalfa, which is accounted for largely 
in the nitrogen remaining in the residues after the preliminary 
extractions have been completed. The next largest amount 
is in the case of corn, where the bulk of the loss is due to un- 
adsorbed humin. T'he nitrogen is extracted very completely 
from both oats and corn. Cottonseed meal occupies a medium 
position with respect to the nitrogen lost in the analytical 
procedure. 

The total nitrogen accounted for in the case of the various 
feedingstuffs is a point worthy of special note. The total is 
least in the case of alfalfa and greatest with corn. Here again 
cottonseed meal occupies a medium position. In this rather long 
method of analysis, which involves many extractions, concentra- 
tions, precipitations, filtrations and transfers, and which at some 
stages renders the proteins subject to putrefaction unless care 
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is taken, only 0.101 per cent of the total nitrogen originally 
present in the sample of corn was not accounted for, a very 
remarkable result indeed. 

An examination of the results of individual analyses of the 
four samples of alfalfa hay and six samples each of oats and corn 
which were averaged to obtain the values shown in table 6, 
brings out the fact that the analytical results in the case of each 
of these feedingstuffs show% on the whole, less variability than 
the values for the eight samples of cottt)nsced meal shown in 
table 2, At least two factors operated to effect the difference. 
The analyses of the first three feedingstuffs mentioned were 
conducted by persons experienced in the manipulation and 
execution of the Van Hlyke analysis and the analyses used for 
the averages were selected from a number of analyses. The 
analyses of cottonseed meal w'ere made by the writer who had 
had no previous experience in the conduct of the Van Slyke 
method, and the analyses presented in table 1 are the entire 
results of the work. These considerations are strong evi- 
dence that the method of analysis here described is of general 
application to feedingstuffs and may readily be carried out. 

Summary of the discussion of the results of the chemical analysis 
of the proteins. The accuracy of the determination of the amino 
acid content of the proteins of cottonseed meal has been in- 
creased over that of previous methods by the removal of the 
nonprotein nitrogen before proceeding with the hydrolysis of the 
proteins. 

The accuracy of the determination has been still further 
increased by the reduction of the humin substances formed as 
a result of the hydrolysis of the proteins. 

The amount of arginine nitrogen is much higher than that 
in most other feedingstuffs. The sum of the four basic amino 
acids is about 0.5 per cent higher than values previously found 
for cottonseed meal. 

The method of extraction employed was found to result in 
the removal of 99.5 per cent of the total nitrogen present in the 
feedingstuff. 
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The sum of the ammonia nitrogen and amino acid nitrogen 
fractions is 83.132 per cent of the total nitrogen, an amount 
comparable to the sum of the same fractions previously ob- 
tained from pure vegetable proteins. 

Of the total nitrogen originally present in the sample of cotton- 
seed meal, 98.75 per cent was accounted for by summation of 
the fractions obtained at different stages in the method of 
analysis, a proportion greater than any previously reported for 
the same feedingstuff. 

The complete method of analysis outlined in this paper is 
believed to be of general application to feedingstuff s and may 
readily be executed with successful results. 

The writer is greatly indebted to Dr. H. 8. Grindley for many 
courtesies extended during the course of this inve.stigation in 
addition to his constructive criticism and general supervision 
of the work. His thanks are also due Mr. T. S. Hamilton for 
advice regarding certain analytical procedures. 
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METHODS OF CALCULATING ICE CREAM MIXES* 

n. H. SOMMER 

Department of Dairying ^ University of Wisconsin^ Madison, Wisconsin 

To calculate an ice cream mix so as to obtain a definite fat 
and solids content, we must know the composition of the ingre- 
dients. The table on page 402 gives the approximate composi- 
tion of the materials commonly used in ice cream mixes. 

In order to do accurate work, the mix should be made up on 
the basis of weight and not ])y volume. However, ice cream is 
sold by the gallon, and as a result we think of the mix in terms 
of gallons. In order to convert gallons into weight we must know 
the weight of a gallon of mix. 

The weight of a gallon of mix varies according to its compo- 
sition. The easiest way of getting the weight is, of course, by 
actual weighing. However, if th(^ composition of the mix is 
known, we can calculate the theoretical weight per gallon. 

In this calculation we assume that butterfat has a specific gravity 
of 0.93; the serum solids, 1.58; the sugar and gelatine 1.58; and the 
water 1.00. If we have a mix containing 12 per cent fat and 36 per 
cent total solids, then in 100 grams of this mix we have: 

12 

12 grams fat occupying or 12.903 cc. 

u.yo 

24 

24 grams other solids occupying or 15.190 cc. 

1 .5o 

64 

64 grams water occup 3 dng or 64.000 cc. 

The 100 grams of mix occupying 92.093 cc. 

100 

Therefore the specific gravity of the mix will be or 1.0857. A 

gallon of water weighs 8.34 pounds, therefore a gallon of this mix will 
weigh 8.34 X 1.0857 or 9.05 pounds. 

’ Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. 
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Gathering all these calculations into one general expression we get: 

per cent fat per cent s.n.f.* per cent water ^ weight per gal- 

093 1.58 hOO 

* Sugar, gelatine and milk solids not fat. 



1 AT 

M1L.X BOLtDS NOT FAT 

TOTAl. SOLtOB 


percent 

per cent 


Skim milk 

0 

8.9* 

8.9 

Milk 

Teat 

8.5 per cent or (100 — | 

8.5 per cent + per 



per cent fat) X 

cent fat or (0.911 



: 0.089t 

X per cent fat) + 




8.9t 

Cream 

Teat 

(100 — per cent fat) 

(0.911 X per cent fat) 



X 0.089t 

4- 8.9 

Evaporated milk 

7.8 

17.7 

25.5 

Condensed milk 

8.0 

20.0 

28 — 40 wer cent sugar 

Condensed skim milk 

0 

28 — 32 (varies) 

28 — 32 (varies) 

Skihi milk powder 

1.0 

94.0 

95.0 

Butter 

Test 

1.0 

Per cent fat -f 1.0 

Sugar 

0 

0 

95.0 

Gelatine 

0 j 

0 

100.0 

Flavoring extracts 

0 

0 

0 


• Usually we do not have an analysis of the skim milk so that in the calculations 
an assumption has to be made. It is assumed here that the solids content is 
8.9 per cent for skim milk from mixed milk. 

t If we assume a certain figure for the solids not fat in the skim milk then we 
can calculate the solids not fat in whole milk or cream as .follows: Per cent 
s.n.f. « (100— per cent fat) X 0.089. 

For example if we have 100 pounds of 25 per cent cream we have 26 pounds 
of butter fat and 75 pounds of skim milk. Tf the skim milk contains 8.9 per cent 
s.n.f then we will have 75 X 0.089 or 6.675 pounds of s.n.f. in the 100 pounds of 
cream or 6.675 per cent. 

t The total solids of milk or cream will be the fat plus s.n.f. We concluded 
that the s.n.f. can be calculated as follows: 

Per cent s.n.f. — (100 — per cent fat) X 0.089; 
therefore the total solids must be : 

Per cent fat -h (100 — per cent fat) X 0.089. 

By simplifying the expression we get: 

Total solids = (0.911 X per cent fat) -f 8.9. 

CALCULATING A SIMPLE MIX 

By a simple mix we mean one in which no condensed milk 
product is used, but where the total solids content of the mix is 
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incidental to the amount of fat furnished by the milk and cream, 
and the amount of sugar used. 


PROCEDURE AND SAMPLE (CALCULATION 

Object. To prepare 100 pounds mix to contain 14 per cent fat, 14 
per cent sugar, 0.5 per cent g(ilatine, and 0.5 per cent vanilla. 


Procedure 

Step /. Calculate weight of fat necessary. 

100 X 14 per cent = 14 pounds fat 
Step IL Calculate weight of sugar, gelatine and vanilla. 

pounds. 

100 X 14 per cent sugar = 14.0 
100 X 0.5 per cent gelatine = 0.5 
100 X 0.5 per cent vanilla = 0.5 


Total - 15.0 

Step IIL Calculate weight of cream and milk neccssar>% total 
weight of mix minus weight sugar gelatine and vanilla. 

100 — 15 ~ 85 pounds of cream and milk 
Step IV. Calculate the necessary fat test of the milk and cream 
mixture. 


Pounds of fat required 
Weight of cream and milk 


X 100 = fat test 


14.00 

’8570 


X 100 == 10.47 per cent 


Step V. Calculate the amount of cream and milk to mix to produce 
the required weight of mixture at the required fat test. This is best 
done by the Pearson sc^uarc method. 

Ijct us assume we have a 20 per cent cream and 3,5 milk. 


26 per cent cream 


3.5 milk 


\ '■ 7 

16.47 

desired test 

7 \ 


produces 


12.97 pounds of 26 per cent cream 
(16.47-3.5) 

mixed with 

9.63 pounds of 3.5 j)er cent milk 
(26 - 16.47) 

22.5 pounds mixture testing 
16.47 per cent 
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However, wc do not want 22.5 pounds, but 85 pounds. Therefore 
85 

we must take or 3.778 times as much milk and cream. 

12.97 pounds cream X 3.778 = 49.0 pounds cream 
9.53 pounds milk X 3.778 = 36.0 pounds milk 
Step VI. Tabulate the amounts of ingredients and palculate how 
much fat and solids each contributes, making use of the table of com- 
position given above. 



1 

FAT 

1 

SOLIDS 

49.0 pounds cream 

pouniti 

12.74 

1.26 

0 

0 

0 

14.00 
or 14.0 
per cent 

pounds 

15. 93* 

4.32t 

13.30t 

0.50 

0 

34.05 
or 34.05 
per cent 

36.0 pounds milk 

14.0 pounds sugar 

0.5 pounds gelatine 

0.5 pounds (8 ounces) vanilla 



* Per cent solids in cream <= (0.911 X per cent fat) plus 8.9. 
t Per cent solids in milk = 3.5 per cent fat plus 8.5 per cent s.n.f. 
t Per cent solids in sugar = 95 per cent. 


After the recipe has been calculated, the daily calculations 
start with step IV. As the cream and milk tests vary, they 
will have to be mixed in different proportions to get the re- 
quired amount of naixture at the desired test (in our illustra- 
tion 85 pounds of milk and cream mixture testing 16.47 per 
cent fat). 

COMPLEX ICE CREAM MIXES 

In a simple ice cream mix we are satisfied with the solids content 
that may be incidental to the fat and sugar content. With 
the use of condensed milk products, the calculations become 
more complex. In calculating such a mix we not only have a 
definite aim as to the fat content, but also as to the solids con- 
tent. We must mix the milk, cream and condensed milk prod- 
uct in such proportion as to obtain both the required fat and 
solids content simultaneously. This is further complicated if we 
use a sweetened condensed milk. 
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In attempting to proportion the amounts of three ingredients 
to obtain a given weight of mixture of a certain fat and solids 
content, the method that suggests itself at once is to make 
use of algebra and solve this problem by the use of simultaneous 
equations. For example if we wish to make 100 pounds of a 
mixture of cream, milk, and evaporated milk, to contain 16 per 
cent fat and 27 per cent solids, and if the milk contains 3 per cent 
fat, 12 per cent total solids; the cream 28 per cent fat, 34.5 per 
cent total solids; and the evaporated milk 8 per cent fat, 26 
per cent total solids, letting x represent the iveight of milk, y the 
weight of cream, z the weight of evaporated milk, we can 
construct the following equations. 

X y + z = 100 
3x - f- 28y + Sz 
100 “ 

12x + 34.51/ + 26z 
100 ” 

Having these three simultaneous equations we can solve 
for the three unknowns. 

This kind of a calculation will obtain the desired results but 
is too complex to be of any practical use. 

In the absence of any definite practical methods for calculating 
complex mixes exactly, the practice has been to resort more or 
less to guesswork, estimating the amount of condensed milk 
product to use and furnishing the remainder of the fat by milk 
and cream. If the total solids content figured out from this 
was too far from the desired amount, the. mix would have to be 
recalculated and this repeated until after numerous trials the 
desired composition was approximated. 

The following method has been devised to relieve this situation. 
By means of this method guesswork is eliminated and an exact 
calculation given in its place. 

DERIVATION OF THE METHOD 

In any mix we can easily calculate the fat and total solids con- 
tents necessary in the mixture of milk, cream and condensed 
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milk product, so that when the sugar, gelatine and vanilla are 
added it will be diluted down to the exact fat and solids con- 
tent desired in the finished mix. The problem in a complex 
mix is to mix the cream, milk, and condensed milk product in 
the proper proportions. 

If we mix cream and evaporated milk in such proportions 
that the mixture has a given fat test, the total solids content of 
the mixture will depend upon the richness of the cream used. 
The following examples will illustrate this. 

If we mix 40 pnsr cent cream and evaporated milk (7.8 per cent fat, 
25.5 per cent total .solids) in such proportions that we get a mixture 
testing 15 per cent fat, the mixture will contain 29.59 per cent solids. 

If we use 20 per cent cream instead of 40 per cent cream the mixture 
containing 15 per cent fat will contain 25.80 per cent solids. 


Mixture 1 



FAT 

80L1DB 


pounds 

pound» 

7.2 pounds 40 per cent cream 

2.88 

3.164 

25.0 pounds evaporated milk 

1,95 

6.375 

32.2 pounds mixture containing 

4.83 

9.539 


or 15.0 

or 29.5 


per cent 

per cent 


Mixture 2 



FAT 

SOLIDS 


pounds 

pounds 

7. 2 pounds 20 per cent cream 

1.44 

1.880 

5.0 pounds evaporated milk 

0.39 

1.275 

12.2 pounds mixture containing 

1.83 

3.155 


or 15.0 

or 25.86 


per cent 

per cent 


From the above figures it is seen that both mixtures have the 
same fat content; but where the richer cream was used the 
solids content is higher. It follows that the secret of getting 
the desired fat and solids contents simultaneously lies in deter- 
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mining the necessary fat content of the cream, which, when 
thinned down (with regard to the fat) by the condensed milk 
product will give you both the desired fat and a solids contents. 

Since we wish to mix cream and a condensed milk product in 
such proportions to obtain both a definite fat and solids content, 
we can momentarily look at the problem from two different 
viewpoints: (1) we can determine the proportion of cream to 
condensed milk })roduct necessary to obtain the desired fat 
content; (2) we can determine the proportion of cream to con- 
densed milk }n*oduct to obtain the desired solids content. How"- 
ever, if these two, the fat and solids contents, are to he obtained 
simultaneously in the mixtun' it is nccc^ssary that these two 
proportions be equal. Tliis is possible only for one particular 
fat content in the cream. }W (‘quating those two proportions 
and having all the values known except the test of the cream, 
we can calculate the test of the cream necessary to obtain the fat 
and solids contents simultaneously. 

To express this in the form of an ecpiation let the following 
letters represent the composition of the products used: 

A = fat cont(‘nt of condensed milk product. 

B = solids content of condensed milk product. 

C = desired fat content in the mixture. 

1) = desired solids content in the mixture 

A" = fat test of the cream. 

By means of Pearson’s Square Method we can calculate the 
proportion of cream to condensed milk product necessary to 
obtain the desired fat content in the mixture. 


\ 


\ 

/ 

c 


/ 

\ 

/ 

\ 


From this it is seen that the proportion in which the cream 
testing X must be mixed Avith the condensed milk product 

Q 

testing A per cent fat to obtain fat content C is 
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Similarly wc can calculate the proportion in which these two 
ingredients must be mixed to obtain the desired total solids 
content. 


(0 911X + 8.9) 

(Solids content 
of cream) 


B 



D-B 


0.911X + 8.9~ D 


(Solids content of condensed milk product) 


The proportion in which the cream testing X per cent fat 
must be mixed with the condensed milk product testing B per 


cent solids to obtain the solids content D is 


_ D-B 
0.911 X + 8^9-1) 


On equating these two proportions we have; 


C-A D-B 

X-C~ 0.91 IX + 8.9-7) 


On simplifying this expression by multiplying and transposing 
the following equation results: 

BC + 8.9A- 8.9 C- AD 
^ 0.9110 + 5-0.911^-7) 

By means of this equation the necessary cream test can be 
calculated ; so that when this cream is mixed with the condensed 
milk product in the proper proportion to obtain the desired 
fat test, the desired solids content is obtained simultaneously. 


PROCEDURE AND SAMPLE CALCULATION 

Object. To prepare 100 pounds of mix of the following composition: 
12.2 per cent fat, 13.0 per cent sugar, 37.0 per cent total solids, 0.5 per 
cent gelatine dissolved in 6 times. its weight of water, 0.5 per cent 
vanilla. 

The following dairy products are to be used: 3.5 per cent milk, 32.0 
per cent cream, evaporated milk 8.0 per cent fat, 26 per cent solids. 

Procedure 

Step I. Calculate the weight of fat necessary. 

100 X 12.2 per cent = 12.2 pounds fat 
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Step IL Calculate the weight of sugar, stabilizer, and vanilla 
necessary. 

100 X 13.0 per cent sugar = 13 pounds sugar 

100 X 0.5 per cent gelatine = 0.5 pounds gelatine 

100 X 3.0 per cent water to dissolve gelatine = 3.0 pounds water 

100 X 0.5 per cent vanilla = 0.5 pounds vanilla 

Total = 17.0 pounds. 

Step IIL Calculate the actual weight of solids in the above: 

13 pounds sugar X 95 per cent = 12.35 

0.5 pounds gelatine equals 100 = 0.5 

0.5 pounds vanilla X 0.00 = 0.0 pounds. 

Total = 12.S5 pounds solids 

Step IV. Calculate the total weight of solids noeessaiy 
100 X 37 per cent = 37.0 i)Ounds solids 

Step V. Calculate; the weight of solids t-o be furnished by the 
milk, cream and condens(‘d milk product 

37 12.<Sr) = 2'4.15 pounds milk solids 

Step VI. (Calculate the weight of milk products. 

100 — 17.0 = 83.0 pounds of milk, cream, etc. 

Step VTI. Calculate the fat test necessary so that the weight of 
milk products (Step Vl)^will furnish the weight of fat needed (Step I) 

12.2 

”‘7, X 100 = 14.70 per cent fat. 

83.0 

Step VIII. Calculate' the solids test necessary so that the weight 
of milk produ(*ts (Step VI) will furnish the weight of milk solids needed 
(Step V) 

2-1.15 

— — X 100 = 29.096 

Step IX. Calculate the test of the cream necessary so that when 
the condensed milk product is added the desired fat and solids contents 
are obtained simultaneously. Use the formula derived above 

_ BC + 8.9A-8.9C-AD 

^ 0.911 C + B- 0.911 A-D 

A = 8.0 (The fat in the evaporated milk) 

B « 26.0 (The solids in the evaporated milk) 
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C = 14.70 (The desired fat test in the mixture) 
D = 29.090 (The desired solids in the mixture) 
X = the test of (Team to be found 
Substituting these values in the equation: 


(26.0 X 1470) + (8.9 X 8.0) - (8.9 X 14.70) - (8 X 29.096) 
^ (0.911 X 14.7) + 26.0 - (0.911 X 8.0) - 29.090 

382.2 + 71.2 - 130.83 - 232.768 
^ ~ 13.3917 + 26 - 7.288 - 29.096 
,, 89.802 

A = = 29.857 per rent 


Step X. Calculate the amounts of this cream and condensed milk 
product to use. 

6.7 pounds of cream 
plus 

15 157 pounds of cvax)orat(*d milk 
21 857 pounds of mixture* testing 14 7 fat. 

83 

We want 83 pounds of mixture or or 3.797 times as much: 

21 . 00 / 

0.7 pounds cream X 3.797 = 25.44 pounds. 

15.157 pounds evaporated milk X 3.797 = 57.50 pounds. 

Step XL Calculate the amount of cream aiul milk to mix to pro- 
duce the thinner cream testing x per cent fat. 


\ 

/ 

\ 


14 7 


\ 


\ 


produces 


32.0 



20.357 pounds cr(*am 
plus 


;2 143 p ounds milk 
produces 28 500 pounds of cream 29,857 per cent 
fat. 


We want 25.44 pounds of cream or or 0.9 times as much. 

2o.oU 

26.357 X = 23.511 pounds of cream. 

2.143 X 0.9 = 1.929 pounds of milk. 
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Step XII. Tabulate the mix as calculated, figure the amount of fat 
and solids each ingredient contributes, and obtain the totals. 



FAT 

HOLI06 


pound i 

i pounds 

23.511 pounds crimm 32 per cent 

7.5235 

1 8.9464 

1 . 929 pounds milk 3.5 per cent 

0.0675 

0.2332 

57.56 pounds evaporated milk 

4.6048 

14.9656 

13.00 pounds sugar 

0 

12.3500 

0.50 pounds gelatine 

0 

0.5000 

3.00 pounds water 

0 

0 

0 50 pounds vanilla 

0 

0 

100.00 pounds 

12.1958 

36.0952 


Note : The daily calculations start with Step XI and are very simple. 
After a recipe has once been figured out and the nccessiiry fat test of 
the cream (the value of x in the formula) determined, it is only neces- 
sary each day to figure out how much of the particular milk and cream 
on hand to mix to get the desired weight of cream testing x. 

A new recipe has to be figured only when a condensed milk 
product of different compo.sition is used. 

CALCULATING A MIX IN WHICH A SWEETENED CONDENSED MILK 

PRODUCT IS USED 

The calculation of an ice cream mix is further complicated if 
we use a sweetened milk product. Wc are then adding sugar 
from two different sources, and we cannot tell how much sugar 
to add in a dry form until we know how much sweetened condensed 
milk we are going to use, and vice versa. 

In order not to complicate the calculation unnecessarily the 
moisture content of the dry sugar is ignored. However, by a 
slight change in the calculation- this could easily be taken into 
consideration. 

In the use of sweetened condensed milk in a mix the calcula- 
tions can be simplified and made exact, if we assume in our 
calculations that we can for the time being remove the sugar 
from the condensed milk. If we had 100 pounds of condensed 
milk containing 8 per cent fat, 30 per cent milk solids, and 40 
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per cent sugar, we would have 60 pounds of condensed milk 
left if the 40 pounds of sugar were removed. The fat and 
solids content of these 60 pounds of hypothetical condensed milk 

would be X 100 or 13^ per cent of fat, and X 100 or 50 

o uU 

per cent solids. 

In our calculations we shall deal with the hypothetical con- 
densed milk, and after the amount has been calculated figure 
how much sugar will be associated with it, and take that much 
less crystalline cane sugar. 

PROCEDUBK AND SAMPLE CALCULATION. 

Object To prepare 100 pounds of mix of the following composition: 
12 per cent fat, 13 per cent sugar, 36 total solids, 0.5 per cent gelatine dis- 
solved in 5 times its weight of water, 0.5 per cent vanilla. 

The following dairy products are to be used: Cream 25 per cent, 
fat, milk 3.5 per cent fat, sweetened condensed milk containing 8 per 
cent fat, 30 per cent milk solids and 40 per cent sugar. 

Step 7. Calculate the weight of fat necessary: 

100 X 12 per cent fat equals 12 pounds fat 

Step 77. Calculate the weight of sugar stabilizer and vanilla neces- 
sary: 

100 X 13 per cent sugar = 13 pounds sugar 

100 X 3 per cent gelatine solution = 3 pounds gelatine solution 

100 X 0.5 per cent vanilla = 0.5 pounds vanilla 

Total = 16.5 pounds 

Step, III. Calculate the actual weight of solids in the above: 

13.0 pounds sugar = 13 pounds solids 

3.0 pounds gelatine solution = 0.5 pounds solids 

0.5 pounds vanilla = 0.0 pounds solids 

Total == 13.5 pounds solids 

Step IV, Calculate the total weight of solids necessary: 

100 X 36 per cent solids = 36 pounds solids 

Step V. Calculate the weight of solids to be furnished by the milk 
cream and condensed milk product: 

36 — 13.5 == 22.5 pounds solids 
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Step VI , Calculate the weight of milk products: 

100 — 16.5 ~ 83.5 pounds 

Step VII . Calculate the fat test necessaiy so that the weight of 
milk products (Step VI) will furnish the weight of fat needed (Step I) : 

X 100 = 14.371 per cent fat 

83.5 

Step VIII, Calculate the solids content necessary so that the 
weight of milk products (Step VI) will furnish the weight of solids 
needed (Step V) : 

22 5 

— ^ X 100 — 26.946 per cent solids 

83.5 

Step IX, Calculate the test of cream necessary so that when the 
condensed milk product is added the desired fat and solids contents 
nr(‘ obtained simultaiK'ously: 

4 - 8 . 9 .4 -8,9C-AD 
^ "■ 0.911 C + B - 0.911 A -D 


A == 13-3 cent (the fat in the hypothetical condensed milk) 

Z? ~ 50 per cent (The soUds in the hypothetical condensed milk) 
C = 14.371 per cent (the desired fat in the mixture) 

D = 26.946 per cent (the desired solids in the mixture) 

X = the fat test of the cream 


( 50 X 14.371) 4 (8.9 X 13?,) - (8.9 X 14.371) - (13| X 26.946) 
(O.Olfx 14.371) + 50 - (0.911 X - 26.946 
718.550 + 118.666 - 127.902 - 359.280 
13.092 + 50 - 12.146 - 26.946 


350.034 
- 24.000 


14.583 


Step X, Calculate the amounts of this cream and condensed milk 
product to use: 



1.038 pounds cream 


0.212 pounds hypothetical condensed milk 
1.250 pounds mixture. 



414 


H. H. SOMMER 


CnJttJ 

We need or 66.8 times as much: 

1.038 X 66.8 = 69.34 pounds cream 

0.202 X 66.8 == 14.16 pounds hypothetical condensed milk. 

Step XL Calculate the amount of cream and milk to mix to pro- 
duce the thimier cream testing X per cent fat: 


25 


3.5 



11.083 pounds cream 


10.417 pounds milk 
21.500 pounds mixture 


69 34 

We need — ^ or 3.225 times as much: 

21.5 

11.083 X 3.225 = 35.75 pounds cream 
10.417 X 3.225 = 33.59 pounds milk 

SiepXIL Tabulate the mix as calculated, figure the amount of 
sugar associated with the calculated amount of hypothetical condensed 
milkj the amount of dry sugar to use, and the amount of fat and solids 
in the entire finished mix. The figures thus far obtained are: 

35.75 pounds cream 25 per cent 
33.59 pounds milk 3.5 per cent 
14.16 pounds hypothetical condensed milk 
13.00 pounds sugar 
3.00 pounds gelatine solution 
0.50 pounds vanilla extract 

To convert the weight of hypothetical condensed milk into the corre- 
sponding weight of actual condensed milk we have to calculate as 
follows: 


Weight of hypothetical condensed milk X 100 
100 — sugar content of condensed milk 


14.16 X 100 
100 - 40 


= 23.6 pounds of condensed milk 


weight of condensed 
milk 


This weight of condensed milk contains 23.6 X 40 per cent or 9.44 
pounds of cane sugar, therefore instead of 13.0 pounds we must use 13.0 
— 9.44 or 3.56 pounds of cane sugar. 
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On tabulating the completed calculation we have: 



nUQAR 

FAT 

80L1US 


pounds 

pounds 

pounds 

35.75 pounds cream 25 per cent 

0 

8.938 

11.324 

33.59 pounds milk 3.5 per cent . . 

0 

1.176 


23.60 pounds condensed milk 

9.44 

1.888 

16.520 

3.56 pounds sugar 

3.56 

0 


3.00 pounds gelatine solution .... 

0 

0 

i 0.500 

0.50 pounds vanilla extract 

0 

0 

0 

100.00 pounds 

13 00 

12.002 

35.9o5 


SUMMARY AND CONCLUSIONS 

1. A table giving the approximate composition of materials 
commonly used in ice cream mixes is given. 

2. It is recommended that mixes be calculated on the basis 
of a hundred pounds. 

3. The method of calculating the theoretical weight of a 
gallon of ice cream mix is explained. 

4. A method is derived and sample calculations are given for 
calculating complex ice cream mixes. 

5. The method given is in itself not very short, but it is 
recommended as practical, because it is used only in calculating 
new recipes. The entire calculations do not have to be repeated 
every day. 



DAIRY PRODUCTS INVESTIGATIONAL PROJECTS 
CARRIED ON BY THE AGRICULTURAL 
EXPERIMENT STATIONS 
IN 1919 

ROY C. POTTS 

Bureau of Markets, United States Department of Agriculture, Washington, D. C, 

This list was compiled from a 225 page mimeographed booklet 
of Experiment Station Projects prepared in the office ofExperi- 
ment Stations of the United States Department of Agriculture. 
Supplementing it is a statement of the dairy products activities 
undertaken by the Dairy Division of the Bureau of Ani m al 
Industry and the Dairy Marketing Division of the Bureau of 
Markets of the United States Department. This list of dairy 
activities of the State Agricultural Experiment Stations and the 
United States Department of Agriculture should be of interest 
to the memtiers of the American £)airy Science Association, for it 
indicates, in general the various phases of the dairy products 
industry to which the dairy investigators of this country are 
giving particular attention. This list should be studied care- 
fully, for it may suggest possible opportunities for coordination 
of work and cooperation among workers in obtaining better 
results, also a need of investigations of certain important phases 
which are entirely omitted or ignored at present. 

This list is for the year 1919. Why could not this association 
compile a list of the 1920 projects also those proposed for 1921? 
Who shall undertake that task? The editor-in-chief, would 
appreciate your views on this proposition. 

LIST OF STATE AGRICULTURAL EXPERIMENT 
STATION DAIRY PRODUCTS PROJECTS 

Chemical studies of dairy products 

1. Study of the properties of pure casein. N. Y. State. 

2. Study of carbonic acid in milk. N. Y. State. 

41C. 
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3. Study of the chemistry of buiterfat and the effect of food in 

modifying its chemical and physical character. Mass. 

4. Method for preliminary detection of abnormal milk. N. Y. 

State. 

5. Method of determination of keeping quality of milk. N. Y. State. 

Nutrition studies of dairy products 

1. Role of dairy products in practical nutrition. Okla. 

2. Food value of various milks for infants and invalids. Maryland. 

3. Nutritive value of milk for children and animals. Vermont. 

4. Minimum quantity of butterfat necessary to produce normal 

development in young growing animals. Ore. 

Bacteriological studies of dairy products 

1. Investigations in connection with raw and manufactured dairy 

products. Mich. 

2. The influence of barn factors on the germ content of milk. 111. 

3. Species of bacteria found in dairy utensils. N. Y. Cornell. 

4. The important factors in the production of sanitary milk and 

the means and methods on milk examination. N. Y. State. 

5. Bacteriological examinations of certified milk. Calif. 

6. A study of the true accuracy of bacterial counts as made from 

milk. N. Y. State. 

7. The determination of the bacterial content of milk by a rapid 

method (little plate method). Wis. 

8. The bacteria content of milk fiom milking to cooling. S. C. 

9. Studies on cooling of milk in relation to its bacterial quality. 

N. Y. State. 

10. The American high acid organisms found in milk. Iowa. 

11. Acid production and the rate of growth of the lactic acid organism 

in the souring of milk. N. Y. State. 

12. Studies on the bacterial flavors and odors of milk. 

13. A study of the torula forms responsible for the yeasty fermen- 

tation in cream. Iowa. 

14. The effect of preservatives on the bacteria in milk. Penn. 

15. The use of available chlorin as a germicide in milk and milk 

products. Ark. 

16. The bacteriology of butter. Okla. 

17. A chemical and bacteriological study of the keeping qualities of 

butter. Ind. 



418 


ROY C. POTTS 


18. A study of mold development on butter. Calif. 

19. A study of the types or organisms present and multiplying in 

cottage cheese. Idaho. 

20. Studies on the relation between the bacterial flora of good quality 

cheese and of good quality milk. N. Y. State. 

21. Studies of the compounds in cheese and their changes under the 

influence of certain classes of bacteria. N. Y. State. 

22. Chemical and bacteriological studies of ice cream. Ind. 

Studies of butter and butter making 

1. Influence of acidity of cream on flavor and keeping qualities of 

resulting butter. Iowa. 

2. The neutralizing of the acidity of cream for buttermaking. Ore. 

3. The effect of neutralization on the quantity of butter. N. Y. 

Cornell. 

4. The chemistry of churning. Miss. 

5. The cause of difficult churning. Wash. 

6. Factors influencing grade of butter. Okla 

7. A study of California butter at the Davis and San Francisco 

Markets. Calif. 

8. Comparison of creamery and market weights of butter. Wis. 

9. Study of dairy plant records. N. Y. Cornell. 

10. Creamery building and improvement. N. C. 

11. Keeping qualities of butter. Mich. 

12. Keeping qualities of butter in storage as affected by methods 

in making. 

13. A chemical and bacteriological study of the keeping qualities of 

butter. Ind. 

14. A study of mold development on butter. Calif. 

15. Scoring contests of commercial creamery butter. Idaho. 

16. The bacteriology of butter. Okla. 

Studies of cheese and cheese making 

1. Mountain cheese work. N. C. 

2. Making cheese. N. C. 

3. Cheese investigations. Wis. 

4. A study of the manufacture of cheese and whey. Calif. 

5. Studies of the compounds in cheese and their changes under the 

influence of certain classes of bacteria. N. Y. State. 

6. Factors concerned in the coagulation of milk by heat. Wis. 
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7. Yield of cheese from milk high and low in fat. Wis. 

8. Pasteurization of milk for cheese making. N. Y. Cornell. 

9. The effect of clarifying milk for making Cheddar cheese. 

N. Y. Cornell. 

10. Studies in cheese making. Effect of temperature of cooking on 

texture of cheese; effect of amount of rennet or pepsin on 
rapidity of curing cheese; the possibility of curing cheese in 
Oklahoma factories; controlling factors in proper handling and 
marketing of cheese in Oklahoma. Okla. 

11. The effect of separating temperatures on the loss of fat in sepa- 

rated whey. Oregon. 

12. Studies on the relation between the bacterial flora of good 

quality cheese and of good quality milk. N. Y. State. 

13. A study of the types of organisms present and multiplying in 

cottage cheese. Idaho. 

14. A study of the control of mold development in cheese-curing 

rooms. Calif. 

15. The use of BacAllus bulgaricm starter for controlling gassy milk 

in the manufacture of Cheddar cheese. Calif. 

16. The effect of washing curd on the yield and quality of Cheddar 

cheese. N. Y. Cornell. 

17. The use of pepsin as a substitute for rennet in the manufacture 

of California (granular) and Cheddar cheese. Calif. 

18. Studies in the manufacture of Swiss cheese in vats. Ore. 

19. The manufacture of Camembert, Swiss, and albumin cheeses. 

N. Y. Cornell. 

20. Cheese making. — (Cottage, Neufchaicl, whey, Komano, Etc.) 

A study of the practice of cheese making with special reference 
to the manufacture of foreign cheeses. Vt, 

21. Relation of moisture and acidity to keeping quality of Neufchatel 

and cream cheeses. N. Y. Cornell. 

22. The manufacture of cottage cheese from a mixture of skim milk 

using Bacillus bulgaricus starter for curdling the milk. Calif, 

23. The manufacture of a skim milk cheese that will keep. S. Dak. 

Cream production studies. 

1. A study of some factors affecting the texture of the cream, Calif. 

2. Losses in farm skimming of cream. N. C. 

3. Factors affecting the eflBiciency of hand separators and causes 

of variation in cream tests. Nebr. 
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4. A study of the eflBciency of the various cream cooling tanks. 

Nebr. 

5. Cream routes. N. C. 

6. An investigation regarding the whipping of cream. Wash. 

7. A study of the Torula forms responsible for the yeasty fermen- 

tation in cream. Iowa. 


Ice cream studies 

1. Ice cream investigations. Kan. 

2. Studies in ice cream making. Okla. 

3. Commercial ice cream making. Okla. 

4. Testing ice cream for butter fat. A comparison of various acids 

as to time required, case of manipulation, character and accuracy 
of test; comparison of different ingredients upon character 
of test, such as sugar, gelatin, gum tragacanth, and ice cream 
powder, fruits, eggs, and color material; influence of method 
of obtaining samples, time cream has been packed and manner 
of packing; comparison of results with cream and milk bottles; 
effect of emulsifying and homogenizing upon ease with which 
tests may be made. Okla. 

5. Chemical and bacteriological studies of ice cream. Ind. 

6. A study of the factors affecting swell in ice cream. Calif. 

7. I'actors affecting the formation of ice crystals in ice cream. 

N. Y. Cornell. 

8. Fillers in the manufacture of ice cream. Wash. 

Studies of milk secretion, composition and supply 

1. An investigation of physiological and chemical changes taking 

place within the mammary gland dming secretion. Md. 

2. Certain problems relating to the biochemistry of milk formation 

in the udder. N. Y. State. 

3. Milk secretion studies, using condemned tubercular catfle. 

The study of the source of milk solids. Vt. 

4. Synthetic capacity of the manimary gland. Wis. 

5. Feeding galactose to dairy cattle. Del. 

6. The influence of barley on the milk secretion of cows. Calif. 

7. Investigations into causes of variation in milk and fat produc- 

tion. Effect of individuality of cows upon milk and fat yields. 
Influence of alimentary carbohydrates on the yield and com- 
position of milk. Effect of proteins from restricted sources 
on the yield and composition of milk. Iowa. 
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8. Factors influencing or affecting the chemical and physical prop- 

erties of milk. Miss. 

9. Analysis of milk records. To determine the age changes and the 

duration between total solids-not-fat and milk production, per 
cent fat, and butter fat. Maine. 

10. Factors influencing the composition of milk; the influence of the 

plane of nutrition of the cow. Missouri. 

11. A study of the composition of milk and fat — as affected by feeds, 

from different breeds of cows, and with reference to the natural 
quantitative relationship existing between the various con- 
stituents of milk. Ohio. 

12. Study of the chemistry of butter fat and the affect of food in 

modifying its chemical and physical character. Mass. 

13. The effect of peanut meal when fed to dairy cows on the quali- 

ties of the butter fat, and methods by which this feed may be 
fed without undesirable effects. Ga. 

14. Study of carbonic acid in milk. N. Y. State. 

15. Carbonic acid in milk under various conditions after being 

drawn from the udder, and carbonic acid content as a basis 
for distinguishing between heated and unheated milk. N. Y. 
State. 

16. Carbonic acid and carbonatcjs in the udder. N. Y. State. 

17. Acidity of fresh milk. N. Y. Cornell. 

18. Conditions affecting hydrogen-ion concentration in milk. N. 

State. 

19. Acid production and the rate of growth of the lactic acid organism 

in the souring of milk. N. Y. State. 

20. Investigation in the eradication of onion flavors from milk. N. C. 

21. The enzymes of milk and their relation to abnormal flavors. Mo. 

22. Studies on the bacterial flavors and odors of milk. Iowa. 

23. The toxicity of milk. (?) 

24. Effect of diseases in the cow on milk. Mich. 

25. The investigation of the food value for infants and invalids of 

various milks. Md. 

26. Studies regarding the nutritive value of milk, its suitability for 

food for children and animals, conditions which affect its 
nutritive value, tolerance, and related questions. Vt. 

27. Study of city milk supply. N. Y. Cornell. 

28. Studies on method of controlling and standardizing the quality 

of market milk. N. Y. State. 
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29. The important factors in the production of sanitary milk and 

the means and methods of milk examination. N. Y. State. 

30. Study in the quality of milk. Ore. 

31. Tests for pasteurized milk. Wis. 

32. Studies of minor factors in market milk distribution, Mich. 

33. A study of the milk and cream supply furnished to the Univer- 

sity Farm Creamery, with the object of working out a system 
of grading and paying for quality. Calif. 

34. The marketing of dairy products, in Oklahoma. To ascertain 

general prices of butter fat, of milk and cream in all sections 
of the state at four periods of the year. The kind of market 
available; amount of butter fat, milk or cream offered for sale 
at centers in all sections of the State, methods of marketing, 
and form in which butter fat is marketed; frequency of market 
and the factors determining prices. Okla. 

35. Shipments of dairy products in New York State. N. Y. Cornell. 

36. Study of plant records. N. Y. Cornell. 

37. The production, handling and marketing of milk and the making 

of butter under tropical conditions. Dairying in the tropic. 
Porto Rico. 

Studies in milk testing 

1. Official dairy testing. N. Dak. Wash. 

2. Advanced registry testing. Va. 

3. Comparison of fat tests made by cow testing associations anil 

local creamery. N. Y. Cornell. 

4. Composite v. one day testing of milk samples. N, C. 

Studies of cost of milk 'production and accountmg 

1. Cost of milk production. Conn. Storrs. N, Dak. Ohio. 

2. Cost of milk production in Nebraska. Nebr. 

3. Procuring data relative to the cost of producing market milk. 

Mich. 

4. Cost of milk production and dairy farm organization. Wash. 

5. Cost of milk from forced v. averaged dairy condition cows. Md. 

6. Records of production, cost of feeding, and cost of milk production 

in tests of advanced registry of dairy cows. To secure records 
of production of registered dairy cows in Oklahoma; to secure 
feed records and methods of feeding dairy cows when under 
official test; to determine the cost of feeding test cows in 
Oklahoma; to determine cost of production of milk in tests of 
advanced registry to owners or breeders of dairy cows. Okla, 
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7. Cost of producing dairy products. Minn. 

8. Method and cost of distributing milk, with special reference to 

Oakland, Alameda, and Berkeley, Calif. 

9. A study of the animal cost of the production of milk for the city 

supply and of butter fat for the creamery. HI. 

10. Dairy farm organization and cost of milk production. Wash. 

Dairy Products Activities of the Dairy Marketing Division 
OP THE Bureau of Markets of the United States 
Department of Agriculture 

(For the year 1919-1920 and 1921) 

I nvestigational activi ties 

Methods and cost of marketing dairy products 

1. Methods of butter marketing by wholesalers and jobbers. 

2. Methods of cheese marketing by wholesalers and jobbers. 

3. Methods and costs of supplying cities with market milk and 

cream. 

4. Methods of marketing cottage cheese by manufacturers and 

retailers. 

5. Plan of organization and functions performed by producers 

daily marketing organizations. 

Market grades and standards for dairy products 

1. Market grades and standards for creamery butter. 

2. Market grades and standards for American (Cheddar) cheese. 

3. Market grades and standards for cream. 

4. Market grades and standards for market milk. 

5. Market grades and standards for Swiss and brick cheese. 

Inspection service activities 
Market inspection service 

1. Butter inspection service maintained in the Boston, Chicago, 

New York and Philadelphia markets under act of Congress 
known as the Food Products Inspection Act. 

2. Informal inspections made of cheese in the New York markets. 

3. Informal tests made of weight of shipments of butter at Boston, 

Chicago, New York and PhUadelpWa. 
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Market reports and market information 

Dairy statistics {supplies and stocks) 

1. Monthly reports of imports and exports of butter, cheese, con- 

densed and evaporated milk, casein and milk powder. 

2. Monthly reports (issued quarterly) of production of whey and 

creamery butter, American cheese, Swiss cheese, brick and 
Munster cheese, Limburger cheese, Cottage, pot and bakers’ 
cheese, cream and Neufcliatel cheese, all Italian varieties of 
cheese, and all other varieties of cheese, dried casein, all classes 
of condensed and evaporated milk, evaporated milk modified 
with foreign fat, condensed and evaporated butter milk, dried 
or powdered buttermilk, desiccated or powdered milk, malted 
milk, milk sugar and ice cream. Reports are also issued 
monthly on the production of process butter and oleomargarine. 

3. Monthly reports of stocks of creamery butter, packing stock 

butter, American cheese, Swiss cheese, brick and Munster 
cheese, Limburger cheese, Cottage, pot or bakers’ cheese, 
cream and Neufchatel cheese, and all other varieties of cheese 
in cold storage. 

4. Monthly stocks of condensed and evaporated milk in hands of 

manufacturers, including separate figures for total and unsold 
stocks, unfilled orders, and unsold stocks held in New York 
City. 

6. Daily receipts of butter and cheese at Boston, Chicago, New 
York, Philadelphia and San Francisco. 

6. Daily movement of butter and cheese into and out of storage at 

Boston, Chicago, New York, Philadelphia and San Francisco. 

7. Daily stocks of butter held as current trading stocks by wholesale 

butter dealers in Boston, Chicago, New York, Philadelphia 
and San Francisco. 

8. Weekly reports of stocks of cheese held as current trading and 

storage stocks by cheese dealers in Boston, Chicago, New 
York, Philadelphia, San Francisco, and by primary market 
cheese dealers (over 90) in Wisconsin. 

Prices of dairy products 

1. Daily wholesale and jobbing prices of butter in Boston, Chicago, 
New York, Philadelphia, and San Francisco. 



DAIKT PRODUCTS INVESTIGATIONAL PROJECTS 


425 


2. Daily wholesale prices of Number one American cheese (all 

styles) in Boston, Chicago, New York, Philadelphia, San Fran- 
cisco and primary cheese markets in Wisconsin. 

3. Monthly reports of prices paid milk producers for milk for city 

distribution in over 100 cities in the United States. 

4. Monthly report of average prices paid milk producers for milk 

by condenseries in the various geographical sections of the 
United States. 

5. Wholesale and retail prices of market milk and cream in over 

100 cities in the United States. 

6. Monthly report of average prices of condensed and evaporated 

milk in the various geographical sections of the United States. 

Condition of markets for dairy products 

1. Daily comments on butter markets, conditions in Boston, Chicago, 

New York, Philadelphia and San Francisco. 

2. Daily comments on cheese market conditions in Boston, Chicago, 

New York, Philadelphia, San Francisco, and primary cheese 
markets in Wisconsin. 

3. Weekly review of butter market conditions in the United States. 

4. Weekly review of the cheese market conditions in the United 

States. 

5. Monthly report of conditions in the condensed and evaporated 

milk market in the United States. 

Research Activities of the Dairy Division of the Bureau of 
Animal Industry of the United States Department 
of Agriculture 

(For the year 1919-20 and 1921) 

Dairy research laboratory 

1. Bacteria concerned in the ripening of Swiss cheese. 

2. Utilization of lactose by fermentation. 

3. Physiology, taxonomy and origin of the streptococci occurring 

in milk. 

4. Manufacture and ripening of Roquefort cheese. 

5. Manufacture and ripening of Camembert cheese. 

6. Factors influencing texture of ice cream. 

7. Utilization of whey for feeding purposes. 

8. The precursors in the blood of milk proteins. 
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9. Bacteria concerned in the deterioration of condensed milk. 

10. Influence of calcium and phosphorus deficiency on milk yield. 

11. Factors influencing viscosity of condensed milk. 

12. Methods of improving hand separator cream. 

13. The manufacture and curing of the hard Italian cheeses. 

14. The utilization of the albumen of whey. 

15. Bacteria surviving sterilization in evaporated milk. 

16. Factors influencing the coagulation of evaporated milk in 

sterilization. 

17. The cause and control of sandiness in ice cream. 

18. The cause and control of deterioration in milk powder. 

19. Seasonal variation in milk for evaporating. 

20. The influence of salts on the growth of bacteria. 

21. Chemical and physical changes in milk coagulation. 

Market milk section 

1. Dairy sanitation: 

Sanitary surveys are made of milk supplies in various cities 
at the request of local officials. 

2. Milk plant management: 

Studies are made of methods ahd costs of the various operations 
entailed in the handling and delivery of milk in cities. 

Special studies are made of some of the various specific prob- 
lems the milk-plant manager meets. 

3. Methods of cleaning milking machines: 

Studies as to the best methods of cleaning milking machines. 

4. Milk transportation: 

Studies as to the best methods of transporting milk to the 
city with the least possible amount of loss from spoilage. 

5. Special studies: 

Special studies of the various properties of milk products, 
such as, whipping quality of cream, etc. 

6. Studies in the Unit Requirements for Producing Milk: 

Studies conducted for two‘ years in each of seven different 
States. 

Dairy extension section 

(a) Projects in cow testing association investigations 

1. Influence of production on income over cost of feed. 

2. Relation of production to returns on $1.00 expended for feed. 
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3. Relation of production to feed cost per pound of butterfat. 

4. Relation of production to feed cost per 100 pounds of milk. 

5. Production as influenced by date of freshening. 

6. Influence of size within the breed. 

7. Effect of location. 

8. Length of time largo pi odueers remain in the service, as compared 

with production pcnlod of low producers. 

9. Decrease in production as lactation period progresses. 

10. 1''hc cow as an economical producer of human food. 

11. Jncreas(id production due to testing done by the association. 

12. Relation bet weem prolit and the feeding of silage. 

13. Relation between profit and the feeding of legunies. 

14. The feeding of timothy. 

15. Influence of pasture. 

10. Summer dairying. 

17. Daughters of j^nirebred sires comjiared with the dam^ of the 

dfiughters. 

18. Influence of age on production. 

19. Production of milk and butterfat in relation to the butterfat tc»st. 

20. Vaiiation in butterfat test due to season. 

21. Variation in butterfat test due to point of lactation pcTiod. 

22. Pcrcjentage of cows that fall below 3.25 per cent in the test. 

23. Percentagri of herds that test less than 3.25 per cent butterfat. 

24. The tester and his work. 

(b) I nvvMiijationti and diuhj of cooperaiive hull associaiioris 

1. Problems (*onn('cted with methods of organization and develo}v 

merit. 

2. Study of the relative cost of bull service before and after 

organizing. 

3. Studies of the results of the use of bettei* bulls on herds belonging 

to members of bull associations. 

4. Study and investigation of the problems and methods of handling 

vicious and unruly bulls as affecting the bull association 
organizations. 

5. Study of the abortion disease as affecting bull association 

organizations. 

(c) Study of cheese and cheese making 

1, Mountain cheese work in mountains of the south. 

2. Studies and problems involved in the introduction of Swiss and 

other foreign cheeses into commercial factories. 
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Dairy Division experiment farm 

1. Effects of the various feeds and constituents of feed upon the 

aniinal body, upon growth, and upon the yield and composition 
of milk, and to find out the relative values of feeds for dairy 
production. 

2. Effect of regular versus irregular milking. 

3. Effect of milking two, three and four times per day. 

4. Effect of keeping cows in stanchions versus box stalls. 

5. Feed cost of raising heifers. 

0. Raising calves on milk substitutes. 

7. Feeding sweet potato meal to dairy cows. 

8. Growing crops for the silo. 

Breeding experiments {dairy cattle) 

1. Comparing line breeding with the mating of unrelated animals; 

comparing in-breeding with the mating of unrelated animals, 
as a means of fixing high production in dairy cattle; also the 
effect of these methods of breeding on constitution, fertility 
and type. 

2. An attempt to fix prepotency^ for high production by continued 

use of sires that have shown the ability to get high-producing 
daughters, for generation after generation. 

3. Statistical study of the effect of methods of breeding on production, 

from advanced register and register of merit data. 

Dairy manufachiring section 

1. Study of butter manufacturing costs. 

2. Study of condensed milk manufacturing costs. 

3. Study of cottage cheese manufacturing costs. 

4. Study of Camembert cheese manufacturing costs. 

5. Study of Roquefort cheese manufacturing costs, 
b. Study of Swiss cheese manufacturing costs. 

7. Study of losses in creamery receiving rooms. 

8. Study of losses in butter manufacture. 

9. Study of losses in Swiss cheese manufacture. 

10. Study of losses in condensed milk manufacture. 

11. Study of cream hauling problems. 
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Miscellaneous 

1. Collection of dairy statistics; charting data obtained, and inter- 

pretation of statistics. 

2. Experiments in tcraperatun; control in connection with dairy 

manufacturing. 

3. Experiments in humidity control. 

4. Experiments in heat transmission. 

;■). Problems in refrigeration in connection with dairy manufacturing 
plants. 



TN HOW FAR IS THE BACTERIAL COUNT OF MILK 
INFLUENCED BY THE DIRT CONTENT? 


H. A. HARDING, M. J. PRUCHA, E. F. KOHMAN, H. M. WEETER and 

W. H. CHAMBERS 

Dairy Husbandry Department, Urbana, Illinois 

vVlmost eveiy one has an opinion regarding the influence of the 
visible foreign matter, commonly referred to as dirt, upon the bacterial 
count of milk and these opinions fall into two groups, the larger 
of which supports an old view and the smaller one a modem one. 

I’he old view is illustrated by the fact that much of the past advice 
to the producer and dealer who are striving for a milk of low germ 
content may be summarized in the injunction, “(let it clean and 
keep it cold. ” In many of our cities, milk ordinances have been 
enacted setting limits to the permissible bacterial count of milk, 
with the avowed object of providing a clean milk supply. In 
some cases the authorities delegated to enforce our pure-food laws 
have taken the position that the presence of large numbers of 
bacteria in milk is evidence of filthy conditions of production or 
handling. Accordingly, it is natural that the general public should 
regard a milk w’hich sours quickly as dirty and, therefore, objec- 
tionable from the sesthetic and sanitary standpoint. 

On the other hand, the modem view has been based upon certain 
facts which have suggested that dirt lias but slight mfluence 
upon the bacterial count. Where market milk has been scored 
both on its content of visible dirt and on its bacterial count, no well 
marked relation has been found between the dirt score and the bac- 
terial coimt. Apparently the milk containing evident dirt is about 
as likely to have a low bacterial coimt as are other samples. 

The importance of the keeping quality of milk has led to studies 
of the source of its bacterial life. It has been established that in 
a few cases the udder of the cow makes large additions to this bacterial 
life (1) but that ordinarily the udder contributes about 5(X) per cubic 
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centimeter (2), It has also been shown that in warm weather, utensils 
which are well washed and steamed but not promptly and thoroughly 
dried, when used some hours later contribute 30,000 or more per cc. 
to the bacterial count of the milk. (3). The morning^s milk as it is 
delivered from the farm to the milk plant often shows a bacterial 
count of approximately 50,000 per cc. (4) . The much liigher numbers 
which are later found in this same milk are the result of growth. 
There is no known relation between the dirt content and the 
bacterial count due to the udder, between the dirt content and the 
bacteria from the well washed utensils, or between the dirt and the 
rate of bacterial growth in the milk. Inasmuch as udder flora, 
utensils, and growth seem to account for practically all the bacteria 
found in city milk supplies, it is hard for those holding the modem view 
to believe that the dirt content exerts a controlling influence over 
the bacterial content of milk. 

The accumulation of this kind of circumstantial evidence has 
led to the gradual development of a new point of view regarding the 
relation of dirt to the bacterial count of milk. This point of view 
is indicated in the following quotation from Third Revision of the 
Standard Methods for the Sanitary Analysis of Milk as approved by 
the Laboratory Section of the American Public Health Association at 
the San Francisco meeting, September, 1920. 

Because much of the dirt that appears as a visible and insoluble sedi- 
ment in milk is accompanied by relatively few bacteria in proportion to 
the number derived from other sources, it frequently becomes desirable 
to use a test that will reveal the amount of visible sediment in the 
milk. For this reason the committee has included a description of the 
commonly used sediment test. It is only by using this sediment test 
in conjunction with the bacterial count that it is possible to prevent 
the occasional approval of dirty milk,^ 

Considering the practical importance of this matter, there is a 
surprising lack of data regarding the relationship of dirt to bacterial 
count. The old idea that the dirt content exercises a controlling 
influence over the bacterial life in the milk rests partly upon the 
fact that dirt always carries bacteria and partly upon the fact that 
the dirt has been Ion g said to control the bacterial content. 

^ Italics are our own. 


o» exw -vol. iv» ho. 5 
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Any belief which is held by so large a number of intelligent people 
should be treated with respect, but at the same time the important 
relation wliich this matter sustains to the milk business makes it 
very desirable that the facts in the case be determined. The following 
data arc submitted with the hope of furnishing a more substantial 
basis for the discussion of this question. 

INCREASE IN BACTEHIAL COUNT DUE TO DIRT PROM FAIRLY 

CLEAN COWS 

WTiile dirt may enter milk at any stage on its journey from 
the cow to the consumer, the milk is normally protected by 
being placed in covered cans almost immediately after it is 
drawn from the cow. Accordingly, the entrance of dirt, at 
least at the farm, is practically restricted to the milking process 
and the main source of dirt is the material falling from the coat 
of the cow. 

During 1914-1915 a study was made of the bacterial count of 
the milk from the cows in three bams. This milk was drawn 
by hand in the ordinary way into- small-topped milk pails, having 
an oval opening 5 by 7 inches. The pails had been thoroughly 
steamed and protected from contamination up to the beginning 
of the milking process. The samples for bacteriological study 
were taken from the pail when the milker brought it from the 
barn into the adjoining milk room. Examinations were also 
made of the udder flora of the cows. This study included 1665 
samples. (For details see Bulletin 199 (5) of this station.) 

In barn I, in which the general conditions of cleanliness were 
comparable with conditions in some certified mUk bams, the 
bacterial count of the milk, if that from one abnormal cow be 
omitted, averaged about 1,000 per cubic centimeter. Since 
this represented the combined, influence of the udder flora and 
of the dirt, the influence of the dirt may be obtained by sub- . 
tracting the 500 per cubic centimeter which has been found to 
be a normal figure for the udder flora of normal cows. On the 
basis of this calculation, the dirt falling into the milk in this 
barn increased the bacterial coirnt by approximately 500 per 
cubic centimeter. 
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Id barn II the general conditions of the barn and (^ows were 
coinparalde with those of the better market milk diiiries. Here 
again, the milk as it came from the barn showiid a bacterial 
count of approximately 1,000 jier cubic centimeter. The udder 
content of the cows was normal, and making the deduction of 
300 i)er cubic c('ntimeter for udder flora loaves 300 per cubic 
centinu'ter as IIk' increase due to dirt entering the milk. 
'Fhe (>xj)lanati<)n of these identical results in two barns which 
appeared to be (piitc^ diflerent in theii' cleanliness lies in the fact 
that in l)()f h barns the cow s w<'re well bedded and a\ ere clean and 
in lioth cas('s hair and dandrulT from the cows lell into the milk 
during tlu' milking process. 

In b.arn 111 conditions were quite ditferent. This barn had 
a dirt floor and no jirovision for drainage, and the cows were 
allowed to run loose in it except at milking time. Straw was 
added to absorb tla* licpiid and cover th(> manure and the result- 
ing accumulation Ix'came two to four feet deep before it was 
removed twice a year. Straw was supplied abundantly, and 
in the main the coat of the cows remained fairly clean, though the 
condition of the stable floor and, to some extent, the coat of 
the cows would undoubtedly have called forth a protest from 
a city milk insja'ctor. The conditions of cleanliness were 
roughly comparable with thosi' of ordinary dairies during the 
winter season. 'Phe av('rag(* bacterial count of 238 samples 
of milk from this barn was 3,773 per cubic centimeter. .\s the 
bacteria from the udder of tla*. cows in this barn gave a bacterial 
count of about 1,000 ])er cubic centimeter, the bacterial count 
due to the dirt amounted to approximately 4,300 per cubic 
centimeter. 

EFFECT OF DIRT FROM EXTREMELY DIRTY <X)W.S 

The barn conditions already studii'd ai’e representative of 
dairy conditions ranging from verj”^ good to rather <iucstionable. 
In order to cover the subject it was desirable to study the milk 
produced by extremely dirty cows. It is the unwritten law 
of })ublic institutions that dairy cows must be ke^it clean, 
and accordingly it Avas difficult to provide suitable material 
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for such a study. In the work already described, the cows 
were allowed to become so dirty as to provoke unfavorable 
comment. 

In the winter of 1916, taking advantage of a (luarantine due 
to a neighboring outbreak of foot-and-mouth disease, the cows 
in barn III were sdlowed to become extremely dirty. The accu- 
mulation of manure on the floor of the stable in which the cows 



Fig. 1. Showing the Condition of the Coat of Cow 103;^ Diiiung the Pkhiod 
When She war not Cleaned 


were loose became about 4 feet deep, l^ractically no attempt 
was made to clean the cows for some months. Dirt and dried 
feces accumulated on the flanks and abdomens of the cows and 
they were fairly representative of extremely dirty conditions.' 
The condition of the coat of one of these cows is shown in 
figure 1. 

When the condition of the cows had become represimtative 
of extremely dirty conditions, the study of the milk was begun. 
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This study included a determination of the bacterial count and 
the dirt content of the milk of seven cows. The determinations 
of the bacterial count were made in three series of 10 milkings 
each, and in addition the bacterial count of the milk directly 
from the udder of each cow was determined at 6 separate milkings. 
Unfortunately the difficulties of determining the dirt content 
were such that it was accomplished at a total of only 24 milkings. 
Bacterial counts were made from a total of 252 samples. 

The three series differed from each other in that in the first 
series of milkings from the extremely dirty cows, the milk pail 
was the small-topped one, with an oval opening 5 by 7 inches, 
used in the previous studies in barns I, II, and III; in the second 
series the cows were extremely dirty and an ordinary open-topped 
pail, having a diameter of about 12 inches, was used; and in 
the third series conditions were the same as in the first except 
that the coat of the cows had been thoroughly cleaned. The 
milk pails, in all cases, were carefully steamed and protected 
imtil used. 

The sample for determining the bacterial count of the milk 
was taken from the milk of each cow as the milk came in the 
pail from the stable to the milk room. The dirt determinations 
were made from the unstrained milk, collected in eight-gallon 
cans. The total weight of this milk at each milking varied 
between 112 and 168 pounds. 

Determining the dirt in the milk. A combination of sedimenta- 
tion and centrifugal force was used in determining the amount of 
dirt. After the cans of milk had stood for eight hours, the 
bulk of the milk was siphoned (the first five samples were poured) 
through a weighed, 100-mesh to the inch sieve. The remaining 
milk was poured through the same sieve but collected in a glass 
cylinder. The cans were then rinsed and the rinsings poured 
through the sieve into the cylinder. The sieve was washed 
with water and a little alcohol to free it from milk and fat and 
these washings were added to the cylinder. The sieve was 
then dried and weighed. The material retained by the sieve 
was largely hair, and bits of straw, and what appeared to be 
scales from the skin of the cow. 
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Corrosive sublimate was added to the material in the cylinder 
as a preservative, and after the cylinder stood eight hours the 
upper portion of the fluid was siphoned off. The remaining 
material was centrifuged for half an hour, the liquid poured 
off, the sediment again suspended in distilled water and the 
centrifuging repeated. The liquid was then poured off and the 
sediment washed into a weighed, folded filter, dried, and weighed. 

Series I. When the small-topped pail was used. In order to 
get information comparable with that from the earlier studies 
in barns I, II, and III, the small-topped pail was used in this 


TABLE 1 

Dirt and bacterial count from milk, drawn from dirty cowSf into smalUtopped pails 


DATS 

MILK 


DIBT 


BACTERIA 
BBB CUBIC 

On 

sieve 

On 

filter 

Total 

Per 

quart 

CBKTl- 

METER 

February 24, a.m 

pounds 

162.1 

mom. 

236.6 

mgm 

250.7 

rttom. 

487.3 

6.5 

12,734 

February 24, p.m 

148.1 

727.2 

259.6 

986.8 

14.3 

8,416 

February 25, a.m 

167.7 

518.4 

66.2 

584.6 

7.5 

12,400 

February 25, p.m 

148.9 

352.4 

96.2 

448.6 

6.5 

12, 115 

Februaiy 26, a.m 

161.1 

512.7 

83.8 

596.5 

8.0 

17,896 

February 29, p.m 

142.1 

370.0 

133.9 

503.9 

7.6 

14,800 

March 1, a.m 

158.7 

435.6 

82.5 

518.1 

7.0 

19,577 

Average per quart 

Average per cubic centimeter 

■ 

6.2 

1.9 


8.1 

14,000 


first series of samples. The average of the bacterial count 
from 70 samples of the milk from individual cows averaged 
12,954 per cubic centimeter. Fifty-nine samples direct from 
the udders of these cows gave an average bacterial count of 
964. Accordingly, the bacterial count due to dirt falling from 
these extremely dirty cows during the milking process, into 
small-topped pails, averaged 12,000 per cubic centimeter. 

The dirt content of the milk was determined at seven milkings, 
and the results of these determinations as well as the bacterial 
count of the milk in which the dirt was determined is given in 
table 1. 
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. As shown in table 1 , the dirt collected on the sieve represents 
the dirt falling into the milk and later removed by careful strain- 
ing. It consisted of bits of straw and hay, hair, dandruff, and 
coarse particles. At the second milking it included a large 
piece of hay which made up the larger part of the material. 
It will be noted that the material removed by the sieve averaged 
6.2 mgm. per quart of milk. The finer material which passed 
the sieve represents the dirt which ordinarily remains in the 
milk unless removed by the clarifier or similar means. In these 
seven tests this material averaged 1.9 mgm. per quart. The 
total dirt recovered from this milk from extremely dirty cows 
when draw’n into a small-topped pail averaged 8.1 mgm. per 
quart, or if the milking in which the large piece of hay fell be 
omitted, the average would have been 7.1 mgm per quart. The 
bacterial count of the milk was fairly uniform, varying from 
8,500 to 19,500 per cubic centimeter. It will be noted that the 
smallest bacterial count was from the milk containing the largest 
proportion of dirt, but it has already been explained that this 
dirt consisted of a piece of hay, which was undoubtedly low 
in bacterial count. Had the milk from these seven milkings 
been blended together, it would have had a bacterial count of 
14,000 per cubic centimeter. 

In this connection it should bo noted that this bacterial coimt 
was made after the plates had been incubated for five days 
at 20°C. and two days at 37°C. instead of the single incubation 
for two days at 37.5°C. as required by the official methods for 
routine milk examinations. This longer incubation period has 
been used consistently in all of these studies because it gives 
distinctly higher bacterial counts. Accordingly, had these 
samples of milk been given the official routine bacteriological 
examination, the majority of them would have shown bacterial 
counts below 10,000 per cubic centimeter, which marks the 
upper limit for certified milk. ■ 

Series II. When the ordinary milk pail was used. In commer- 
cial dairies, under the exceptional conditions where the cows 
would be permitted to become as dirty as those in this study, the 
ordinary open mUk pail would be used. Under these conditions 
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the maximum amount of dirt would fall into the pail. In order 
to measure the dirt under the worst conditions, the seven cows 
were milked into open-topped pails for ten successive milkings. 
Samples representing the milk of each gave an average bacterial 
count of 18,229 per cubic centimeter. Forty-six per cent of 
the samples gave a bacterial count below 10,000 per cubic centi- 
meter, and there was but one sample among the seventy with 
a bacterial count above 60,000, which marks the upper limit for 
New York Grade A milk. 


TABLE 2 

Dirt and bacterial count from milk, drami from dirty cows, into open-top'ped pails 


DATE 


March 1, p.m. ... 

March 2, a.m. . . . 

March 2, p.m 

March 3, a.m. . . ... 

March 3, p.m. . . 

March 6, p.m. ... 

March 7, p.rii 

March S, p.m 

Average per quart 

Average per quart omitting last 

three 

Average per cubic centimeter. . .. 


MILK 

DTKT 

1 

BACTEBIA 
PER CUBIC 
CENTI- 
METER 

On 

Bievo 

On 

filtor 

Total 

PtT 

Quart 

ptmnda 


mom 

mom 

mgm 


140.0 

574 1 

107.7 

681.8 

10.5 

22, 179 

162 1 

871.7 

108 1 

979.8 

13.0 

9,164 

143. <S 

695.6 

66.9 

762.5 

11 4 

17,470 

158 0 

562.7 

98 4 

661.1 

9 0 

15,959 

14Q 5 

589.9 

75 5 

665 4 

10.2 

17,929 

149,2 

1103 5 

119 5 

1223 0 

17 6 

8,250 

132 8 

,1029.9 

271 4 

!i301.3 

21.1 

35, 623 

150.7 

1300.2 

157.7 

1466.9 

10.6 

22, 303 

i 1 

I 

12.4 

1.8 


14.2 


1 

9.5 

1.3 


10.8 


1 

1 





18,244 


The dirt content of the milk was determined at eight milkings 
and the results of these determinations as well as the bacterial 
count of the milk is given in table 2. 

Of the dirt determinations shown in table 2, it is evident 
that the last three samples are Bibnormal. The results are given 
here just as determined even though the reason for the abnormal- 
ity was understood at the time of determination. On these 
three days the milk promptly became ropy, and it was not 
possible to separate all of it from the sediment. The difficulty 
is most evident in material retained by the sieve, though the 
results from the filter were also affected. If these abnormal 
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results were included, the sediment per quart would average 
14.2 mgm.; or if the calculations were restricted to the five 
days when conditions were normal, the average dirt content 
would be 10.8 mgm. per quart. The bacterial counts show 
that at two milkings the entire p"oduct of the seven cows had a 
bacterial count of less than 10,000 per cubic centimeter, and 
that at no milking did the count go above 36,000 per cubic 
centimeters. The average bacterial count for the entire 1,177 
pounds of milk was 18,244 per cubic centimeter. 

Series III. When the cows had been cleaned. In series I and 
II are given the germ count found and the dirt recovered from 
the milk of seven extremely dirty cows when they were milked 
into small-topped and into ordinary pails. The coavs were 
dirty as a result of their lying upon an accumulation of straw 
and their own manure, which at the time of the study was about 
four feet deep. 

In order to bring out more clearly the effect of the condition 
of the coat of the cow upon the cleanliness and the bacterial 
count of the milk, the (loats of the cows were cleaned and all 
the other factors in the situation allowed to remain unchanged. 
For ten successive milkings these cleaned cows were milked into 
small-topped pails and the bacterial count and the dirt content 
were determined as in the prec<^ding series. Only 15 per cent 
of the 68 samples gave a bacterial count of over 10,000 per cubic 
centimeter, and the average of all the samples was 7,165 per 
cubic centimeter. 

The dirt content as determined at nine milkings as well as 
the bacterial count of the milk is given in table 3. 

The coats of the cows were thoroughly cleaned before starting 
this series of samples. Then before each milking, the milker 
made some effort to remove the dirt evident upon the cow, 
and the resulting clcanline.ss of the cows was in sharp contrast 
to their former condition. Sufficient labor was not available, 
however, to keep the coats of the cows clean when they wore 
living on the top of a manure heap. It will be noted from table 
3 that at the first throe milkings the dirt content of the milk 
steadily increased. Since this milk was drawn into small-topped 
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pails, the results in table 3 are directly comparable with those 
in table 1, the single difference being that the coats of the cows 
had been cleaned. 

The total dirt recovered from the milk of the cleaned cows 
was 4.6 mgm. per quart, as against 8.1 mgm. recovered from the 
milk of the extremely dirty cows. Likewise the average bacterial 
count of 7,117 per cubic centimeter from the milk of the cleaned 
cows is comparable with 14,000 per cubic centimeter in the 

TABLE 3 


Dirt and bacterial count from milk, drawn from cleaned coiP8, into small’^topped 

pails 


DATE 

MILK 


DIRT 


BArrcRiA 
PER CTTBTC 

On 

sieve 

On 

filter 

Total 

Per 

quart 

CENTl- 

MBTEli 


pounds 

mgm. 

mgm. 

mgm. 

mgm. 


March 17, a.m 

145.6 

160.6 

7.6 

168.2 

2.5 

3,490 

March 18, a.m 

143.3 

‘J08.7 

26.0 

234.7 

3.5 

17,219 

March 18, p.m. 

128.1 

210.8 

54.5 

265.3 

4.5 

5, 370 

March 20, a.m 

126.4 

142.6 

60.1 

202.7 

3 4 

3,672 

March 20, p.m 

11^4 

249.8 

56.8 

306.6 

5.9 

6, 473 

March 21, a.m ... 

148.7 

222.3 

48.9 

271.2 

3.9 

5,(>50 

March 21, p.m. 

134.4 

415.1 

79.1 

494.2 

7.9 

6,382 

March 22, a.m. 

155 0 

103.3 

75.6 

178.9 

2.5 

6,086 

March 23, a.m 

146.7 

392.0 

26.1 

419.0 

6.2 

9, 108 

Average per quart . . 

Average per cubic centimeter 

i 

3.8 

0.8 


4.6 

7, 117 


milk of the extremely dirty cows. Allowing 1,000 per cubic 
centimeter as the bacterial count due to the udder, these results 
indicate that cleaning the coat of the cows resulted in a 44 per 
cent reduction in the dirt content and a 46 per cent reduction 
in the bacterial count. It chanced that two of the highest 
bacterial counts of the series occurred in the samples on the 
morning of March 18, and the average bacterial covmt for that 
milking was 17,219. The combined average for the bacterial 
counts of the other eight milkings was but 5,780 per cubic centi- 
meter. 
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BACTEKIAL COUNT OF THE DIET FEOM EXTEEMELY 
DIETY COWS. 

The smallness of the increase in the bacterial count of the 
milk in these series of tests, that was due to dirt falling from the 
extremely dirty cows will undoubtedly be a surprise to all and 
perhaps something of a disappointment to those who hold that 
dirt is a large source of germ life in milk. 

It may be suggested that for some reason the dirt from these 
cows did not furnish a large bacterial count. However, the 
amount of milk, the dirt content, and the germ count are all 
known with regard to each of the three series of tests, and from 
those data it is possible to compute the bacterial count of the 
dirt recovered from the milk. This may be done by computing 
the total germ count of the milk, subtracting the 1 ,000 per cubic 
centimeter due to udder flora, and dividing the resulting number 
by the grams of dirt. The data for this calculation for each 
of the three series are given in table 4. 


TABLE 4 

Bacterial count of dirt recovered from the milk 


MERIB0 

VOLUME 
or MILK 

DIRT 

FOUND 

OERMB IN MILK 

GERMS 
FROM UDDER 

OERMB PROM DIRT 

OERMB PROM 

1 GRAM OF DIRT 

I 

II 

III 

cc 

478,537 
327, 162 
546, 765 

am 

4.1258 

3.7506 

2.5408 

6,099,610,147 
5, m, 981, 994 
3,884, 347,760 

478.537.000 

327. 162.000 

545. 765.000 

6,221,073,147 

5,011,819,994 

3,338,582,760 

1.507.840.000 

1.341.600.000 

1.313.980.000 


The data in table 4 place the bacterial count of the dirt recovered 
from the milk at approximately 1.5 billions per gram. Those 
who are familiar with the bacterial count of milk and surface 
soil will at once recognize that this is a high figure. In fact 
it is so high that those who feel that the amount of dirt recovered 
from the milk was too small may suggest that this large amoimt 
of bacterial life may have entered the milk in connection with a 
larger amount of dirt than was later recovered from the milk. 

Manifestly the most direct means of determining the bacterial 
count of the dirt falling from the udder and flank of the cow 
during the milking process is to secure some of this dry material 
directly from the cow and determine its bacterial count. 
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This plan was followed, two cows in two different barns being 
used for the purpose. Cow 152 in barn I had been brushed 
daily, and her coat showed no visible dirt. She was representative 
of very clean cows. Cow 1039 in. barn III was an extremely 
dirty cow. Her condition and surroundings were the same as 
the seven cows in series I and II. Her flank and abdomen were 
partially covered with dried manure. 

Neither cow was in milk, and the samples were collected by 
using a sterilized, open-top milk pail. Any loose bedding on 
the flank or udder was brushed away by hand, as is customary 
before milking, but the cows were not otherwise prepared for the 
tests. The pail was held partially under the cow, as would 
be done during ordinary hand-milking, and the udder mani-p 
ulated as though the cow was being milked. In the first two 
tests the manipulation was continued for seven minutes and in 
the three others for ten minutes. The pail was then taken to 
the laboratory and the visible dirt brushed out and weighed. 
The dirt w'as then mixed with a definite amount of milk and 
after being mixed for fifteen to twenty-five minutes, plates were 
prepared for determination of the bacterial eount. 

I'he results of five such determinations are given in table 5. 

From table 5 it is seen that the clean and the dirty cow's were 
quite unlike both in the amount of dirt falling into the pail 
and in the bacterial count per gram of dirt. In other words, the 
dirt from a dirty cow is not only more abundant but it is also 
a different kind of dirt with a much higher bacterial count 
per gram. 

In removing the dirt from the pail during the experiment it 
was noted that the dirt falling from cow 152 consisted of some 
hair and fine dandruff. The dirt from cow 1039 was made up 
of considerable hair, dandruff, and many fine particles of dirt, 
presumably in part dried manure. Because of the distinctly 
different bacterial count of the material from the two cows, interest 
is at present centered upon the results from cow 1039, since she 
was a companion cow with the seven dirty cows in barn III. 

It will be noticed that four tests of this cow on successive days 
gave widely differing results, not only in amount of dirt collected, 
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but in the bacterial count per gram of this dirt. While this 
variation is undoubtedly due in part to the varying bacterial 
count of the different kinds of dirt finding their way into the 
pail, it is also due in part to the difficulty of getting representative 
samples of the material in making the plates. In preparing the 
samples, the dirt was placed in measured amounts of milk 
varying from 500 to 5,000 cubic centimeters, and after fifteen 
minutes, with thorough shaking, samples were taken for plating 
within the following ten minutes. The number of samples 
taken, from which dilutions and plates were made, varied from 
two to twenty on the different days and six to nine plates 


TABLE 5 , 

Bacterial count of dirt from coats of cows 


NUMBER 
or COW 

CONDITION 

OF COW 

DIRT FROM 
MILK PAIL 

UKRM COUNT OP DIRT | 

GKRM COUNT PER 1 GRAM 

152* 

Clean 

gin. 

0.043 

766, 0(K) 

17,814,000 

1039* 

Dirty 

0.240 

04,285,(XK) 

392,800,000 

1039 

Dirty 

0. 108 

41K), mo, (XK) 

4,592,000,000 

1039 

Dirty 

0.08J1 

If), 300, OCX) 

184,000,000 

1039 

Dirty 

0.171 

203,475,000 

1,710,000,000 


* In these two tests the njiiniyiulation of the uchJer was continued but seven 
minutes while in the other three the manipulation lasted ten minutes. To 
facilitate comparison, th(* amount of dirt and its bacterial count were increased 
to a ten-minute basis. This did not affect the final computation of bacterial 
count per gram of dirt. 

were made from each sample. Not all of these plates could be 
counted, but the bacterial counts given for the four tests of 
cow 1039 are based upon counts from 11, 20, 13, and 46 plates 
respectively. The fact that in these experiments the dirt was 
suspended in less than one-tenth the volume of milk in which 
it would be suspended in ordinary milking undoubtedly added 
to the difficulty of getting accordant bacterial counts. 

It is plain that little can be gained by considering a mathe- 
matical average of bacterial counts which vary as widely as those 
in table 5. At the same time it is clear that if a large number of 
such determinations were averaged, as was done with each of the 
three series of samples from barn III, it is altogether likely 
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that such an average would show a bacterial count for the dirt 
of at least 1.5 billions per gram. 

Accordingly, in so far as conclusions can be drawn from such 
a limited number of observations, these direct examinations of the 
dirt falling into the milk pail from a dirty cow suggest that the 
visible dirt recovered from the milk in the three series of experi- 
ments was sufficient in amount to account for the accompanying 
increase in the bacterial count of the milk. In other words, these 
results tend to show that the methods employed in recovering the 
visible dirt from the milk recovered essentially all of the dirt. 

In the case of throe of these suspensions, where a known 
amount of dirt was suspended in 500 cubic centimeters of skim 
milk, advantage was taken of the opportunity to test the extent 
to which it is possible to recover this dirt by filtration through 
cotton. In each case the weight of the cotton filter after filtra- 
tion and drying was found to be increased by an amount slightly 
in excess of the weight of the dirt added to the milk. Evidently 
the milk adhering tenaciously to the cotton more than offset 
the weight of any dirt which went into solution or passed through 
the cotton. As the technique employed in the case of these 
500 cc. suspensions was different from that employed in removing 
the dirt from the larger quantities of normal milk, they throw 
little light upon the accuracy of the other method except to 
suggest that the element of solubility is not large in the case of 
the dirt falling into the milk from extremely dirty cows. 

SUMMARY AND CONCLUSIONS 

Practically all of the dirt entering the milk at the farm enters 
during the act of milking. 

The use of a small-topped milk pail materially reduces the 
amount of dirt entering the inilk, the reduction varying from 
25 to 40 per cent. 

These studies show that the weight of the dirt entering the 
milk during the milking process is surprisingly small. Even when 
the cows were extremely dirty and were milked into an open- 
topped pail, the dirt in the unstrained milk amounted to only 
about 10 mgm. per quart. When the conditions were comparable 
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with those of ordinary dairies and the small-topped pail was used, 
the dirt in the milk was less than 5 mgm. per quart. Under 
conditions comparable with the better class of market milk 
dairies and where the small-topped pail was used, the proportion 
of dirt was not over 2.5 mgm. per quart. 

The kinds of dirt falling into the milk vary with the condition 
of the coat of the cow. With hand milking, the entrance of 
some hair and dandruff is practically unavoidable, though the 
amount may be reduced by regularly brushing the coat of the 
cow. If the flank or udder is soiled with dried manure and other 
dirt, some of this may find its way into the milk. 

Thorough straining removes the hair, dandruff, and larger 
particles, which form 75 to 90 per cent of the visible dirt. 

Undoubtedly some of the dirt goes into solution in the milk, 
but the amount was so slight that we did not succeed in measuring 
or even in detecting it. 

The increase in the bacterial count due to dirt entering the 
milk varies widely with the nature of the dirt. Hair and dandruff 
from clean cows have much less effect upon the bacterial count 
than dirt from extremely dirty cow'S. 

The germ life on dirt from extremely dirty cows gave a bacterial 
count of approximately 1.5 billion per gram of dirt. Under 
the worst conditions, when the dirt in the milk amounted to 
10.8 mgm. per quart, the increase in bacterial count of the milk 
was about 17,000 per cubic centimeter. Under the same condi- 
tions except that the small-topped pail was used, which reduced 
the dirt entering the milk to 8.1 mgm. per quart, the bacterial 
count due to dirt fell to 13,000 per cubic centimeter. 

Previous studies have shown that in warm weather the use 
of clean utensils which have not been promptly and thoroughly 
dried results in an immediate increase of the germ count of the 
milk varying from 30,000 to 1,000,000 per cubic centimeter. In 
the summer season the milk drawm in the morning and delivered 
from the farm to the milk plant has an average bacterial count 
of at least 50,000 per cubic centimeter. After the first six to 
ten hours, growth begins and may rapidly increase the bacterial 
count. 



446 HAKDING, PRUCHA, KOHMAN, WEETER AND CHAMBERS 

In view of these facts, it is plain that variations in the bacterial 
count as large as 17,000 per cubic centimeter due to dirt, at 
least in the summer season, will be promptly overshadowed by 
other factors. When the time interval permits growth, any 
attempt to judge of the conditions of cleanliness surrounding 
the production of a given sample of milk on the basis of its bac- 
terial count becomes hopeless. 

When the results of this study are properly understood, it 
will be clear that they can not be used legitimately as an excuse 
for the production of dirty milk. 

These studies show that where the germ count is relied upon 
to protect the consumer against dirty milk, the consumer will 
not be protected. It is entirely possible for the dirtiest milk to 
pass the most stringent standards based on bacterial counts 
which have been established in connection with the supervision 
of municipal milk supplies. 

'\\Tiile it is still an open question as to what may ultimately be 
accepted as the most satisfactory index for the keeping quality 
of milk there is no question but, that when the bacterial count 
is properly determined it is a serviceable index for this purpose. 
It is not. however, an index by which the presence of dirt can be 
determined, for the bacteria are commonly so numerous in milk 
and come from so many sources other than dirt that there is 
no constant relation between the dirt content and the number of 
germs present. Such being the case, the conclusive demonstration 
of the uselessness of bacterial counts as a means of detecting the 
presence of dirt is the necessary first step toward developing 
methods for accurately safeguarding the public against dirty 
milk. 

As has been repeatedly pointed out in this publication and 
in the report of the Committee of the American Public Health 
Association already quoted, if the public is to be protected 
against dirty milk it must be, not through attention to bacterial 
counts, but through attention to measurements of the dirt actually 
present. 

The measurements herein reported are respectfully submitted 
as a pioneer attempt looking toward the ultimate formulation 
of reasonable and helpful standards for clean milk. 
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THE VARIATION IN THE PER CENT OF FAT IN 
SUCCESSIVE PORTIONS OF COW’S MILK* 


A. C. RAGSDALE, SAMUEL BRODY, and CHARLES W. TURNER 

Department of Dairy Husbandry, University of Missouri, Columbia, Missouri 

The fact that successive portions of milk drawn from a cow 
gradually increase in fat content has long been known by the 
practical dairyman and recently verified by a large number of 
investigations (1) on man, ox, and goat. This increase in fat 
content of successive fractions of milk was formerly explained (2) 
by the action of gravity, the lighter fat rising to the top of the 
milk cistern and ducts, leaving the bottom milk poorer in fat. 
This gravity theory was discarded due to the estimations of 
Heidenhain (3) that the glandular capacity of the udder as de- 
termined by the difference in its' volume before and after evacua- 
tion of milk is much below the volume of milk given by a cow 
during one milking, and his consequent inference that milking 
activates the secretion of milk, a large part of the milk being se- 
creted during the process of milking. If Heidenhain ’s inference 
is correct then of course the gravity theory can not be used to 
explain the variation of fat in the last fractions of milk which are 
largely secreted during the process of milking, and the explanation 
current since Heidenhain ’s time is that the forward movement of 
the fatty globules is retarded through congestion and friction and 
come down completely only as the last portions of the milk are 
drawn off. 

The object of this paper is' to present a rather striking fact 
bearing on this subject which may, with further accumulation of. 
data, contribute to an explanation of the phenomenon. The 
right front quarter of a Jersey cow producing about 20 pounds of 
milk per day was milked under the following conditions: 


* Published with the permission of the Director of the Missouri Agricultural 
Enieriment Station. 
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а. Immediately on coming into the barn from the pasture. 

б. After standing quietly in the barn for two hours. 

c. After standing quietly in the barn for two hours followed by 
a thorough massaging and manipulation of the udder for a few 
minutes for the purpose of '^mixing’’ the milk within if such is 
possible. 



Graph Showing the Variation in the Per Cent of Fat in Successive 

Portions of Milk 


A, Drawn from a cow after standing in the bam for two hours; B, Drawn from 
a cylinder after standing for three hours; C, Drawn from a cow after standing 
in the barn followed by a manipulation of the udder. 
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The milk in each case was drawn into a 100 cc. cylinder and 
fat determined in each of the 100 cc. fractions. For comparison 
determinations were made on the variations of fat in succes.sive 
100 cc. fractions of milk drawn from a 900 cc. cylinder of the usual 
dimensions after standing for one and a half hours and for three 
hours. The figure and table giving the results obtained show that 
within the given limits the longer the cow stands quietly, the 
greater the variations in fat; and the same is true of the 
cylinder milk — the longer the cylinder is allowed to stand the 
greater the variations in fat, as would naturally be expected. 
The curves of variation of fat in the cylinder and udder are strik- 
ingly similar. This tempts the suggestion of the possible correct- 
ness of the old gravity theory. 


1 

BAMPLM KO. 

cow 

j CYLINDER 

upon coming; 
into barn 

After standing 
two hours 

Standing two 
hourf) and 
manipulation 

After Btanding 
one and one* 
half hours 

After standing 
three hours 


per cent 

per cent 

per cent 

per cent 

percent 

1 

3.1 

1.4 

6.3 

4.4 

1.6 

2 


1.5 

6.1 

5.4 

2.7 

3 


1.9 

6.4 

5.7 

3.6 

4 


3.0 

6.5 

5.8 

4.2 

5 

5.9 

3.4 

6.5 

5.9 

4.9 

0 

6.6 

4.1 

6.8 

6.0 

5.4 

7 

6.9 

4.8 

7.2 

6.0 

5.9 

8 

6.5 

7.8 

7.5 

6.3 

6.8 

9 

6.8 

11.0 (app.) 

8.2 

1 6.7 

12.0 
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MILfe PRODUCTION OF YOUNG COWS COMPARED 
WITH THAT OF MATURE COWS 

J, J. HOOPER 

Department of Animal Husbandry, University of Kentucky, Lexington, Kentucky 

The question is often asked as to how much more milk will a 
mature cow yield than a two-year-old cow with her first calf. 
In other words, if a heifer produces 6700 pounds of milk and 360 
pounds of butter fat during her first year's milking, how much 
will she yield as a mature cow, and at what age will she mature, 
or at what age will she produce the largest quantity? 

To determine this matter I studied the yearly official test rec- 
ords of 865 Jersey cows, so my work relates only to that breed, 
although it holds good in a general way for all dairy breeds. 

The records are as follows: 


[Production of young cows compared with that of mature cows 


or cow 

NTMUKU 

or COW8 

M1I,K 

VERCENT ! 

IJLTTEU FAT 

PER CENT 

year 


pound '> 


pounds 


1 

86 

6 , 267 

68 

337 

71 

2 

278 

6, 707 

74 

359 

73 

3 

126 

7,496 

82 

399 

81 

4 

112 

8 , 231 

91 

449 

94 

5 

91 

8,222 

91 

441 

92 

6 

60 

8, 490 

94 

460 

96 

7 I 

47 

9,029 

100 

477 

100 

8 1 

29 

8 , 755 

97 

462 

97 

9 

26 

8, 718 

97 

476 

100 

10 

n 

8,887 

98 

464 

97 


From the above table it is found that a heifer that produces 
6700 pounds of milk and 360 pounds butter fat as a two-year-old 
will 3 deld 9000 pounds milk, and 480 pounds butter fat as a mature 
cow, at seven years of age. But she becomes over 90 per cent as 
efficient at four years old, or practically mature with the third 
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calf. And apparently the cow will hold her maximum eflSciency 
through her tenth year. 

We find also from this table that young cows gain an easier 
entrance into the Register of Merit than old cows, and the same is 
true with all dairy breeds. To prove this statement we wnl call 
attention to the fact that six-year-old cows exceed two-year-old 
cows by 101 pounds fat, or by 23 per cent, while the standard for 
entrance into the official test book has a difference between these 
ages of 110 pounds (250 pounds for two year-olds and 360 for five 
years and over) or 30 per cent. To state it differently a two-year- 
old excels her requirement by 30 per cent, and the six-year-old 
one excels hers by only 22 per cent. But the error is not a 
serious one. 



A METHOD FOR DETERMINING LIME IN DAIRY 

PRODUCTS 

T. MOJONNIER 

Rtsearch Laboratory, Mojonnier Brothers Company, Chicago, Illinois 

In the course of studies upon the lime content of milk, it was 
found very de.sirable to have a simple and accurate method for 
making this determination. The following method was devised 
to fill this want. 


DESCRIPTION OF METHOD 

Two variations of the method are possible: 

(1) Measure or preferably weigh the samples into clean Bab- 
cock test bottles. In all cases except when testing whole 
milk, add to the bottle sufficient distilled water to bring the 
total weight up to 18 grams. Mix samples with the water in the 
bottle very thoroughly. Now add slowly with constant shaking 
about 15 grams C. P. sulphuric acid; centrifuge for about ten 
minutes. Add sufficient distilled water to float off the fat. 
Centrifuge until the last visible traces of fat are gone, adding 
additional water if this might be required. Pour the solution 
into a beaker, and wash out the bottle with three successive 
small portions of distilled water. Add two volumes of 95 per 
cent grain alcohol, and allow to stand over night. Filter, using 
preferably, a Gooch crucible with asbestos. Wash the precipi- 
tate by decantation, using grain alcohol. Dry thoroughly. 
Ignite at a moderate temperature, to a constant weight. If a 
filter paper is used, dry the precipitate in the filter and ignite 
together. 

(2) Transfer to a beaker the residue remaining in a Mojonnier 
fat extraction flask at the end of a fat extraction. Neutralize 
the ammonia carefully withC. P. sulphuric acid. Add 10 cc. in 
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addition to that required for neutralizing. Add two volumes of 
95 per cent grain alcohol, and allow to stand over night. Pro- 
ceed as under (1). 

SIZE OF SAMPLES EECOMMENDED 

The size of sample to use can be varied with the method em- 
ployed. Table 1 gives the amount recommended under the 
two methods. Slight variations will not effect the accuracy of 
the results. 


TABLE 1 

Weight of sample recommended 


PRODUCT 

BIBCOCK 

METHOD 

MOJONNtBB 

METHOD 


f/rami> 

grams 

Whole milk, skim milk, butter milk, and whey. . . . 
Evaporated milk, plain condensed whole and skim 

18 

10 

milk, ice cream mix, and cream 

0 

5 

Milk chocolate, cheese, malted milk, whole and skim 



milk powder, and butter 


1 


EXPERIMENTAL EVIDENCE UPON THE ACCURACY 
OF THE METHOD 

Ten grams of gypsum were heated to red heat. Weighed 
samples of this were ignited with filter paper, and found .upon 
re-weighing to have undergone no change in weight. 

In another experiment a sample of gypsum was treated with 
sulphuric acid diluted 1-5, decanted, filtered, washed, dried 
in electric vacuum oven, and ignited to constant weight. To 
about 0.1000 gram portions of this ignited product was now 
added 17 cc. of distilled water; 17 cc. of C. P. sulphuric acid, 
and after cooling, 100 cc. of 95 per cent alcohol. After stand- 
ing over night, the precipitate was filtered, dried, ignited and 
weighed. The samples showed no loss in weight. 

EESULTS OBTAINED BY THE ABOVE METHOD 

The results obtained by means of the above method in the 
case of different dairy products are given in table 2. 
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The method does not apply in the case of sweetened condensed 
milk or other products containing large amounts of sugar, on 
account of the solubility of calcium sulphate in sucrose solu- 
tions. 

TABLE 2 


Lime content of dairy products as found by above method 


TEST 

NUM- 

PHOnUCT 

PER CENT CALCIUM OXIDK 

OPERATOR 

OER 


Oiiginal 

Duplicate 

1 

Whole milk 

0.122 

0 136 

Author 

2 

Evaporated milk 

0 284 

0.276 

Author 

3 

P>nporatod milk 

0 306 

0 302 

Author 

4 

Evajiorated milk 

0 34*1 

0.340 

Author 

T) : 

Evaporated milk 

0.364 

0.361 

Author 

6 

Evaporated milk 

0.288 

0.289 

Author 

7 

Evaporated milk , 

0.357 

0 354 

}>rof. H. C. Troy 

8 

Evaporated milk 

0 371 

0.364 

Prof. H. C. Troy 

9 

Whole milk 

0.141 

0 141 

Prof. H. C. Troy 

10 

Powdered skim milk 

1.410 

1.420 

Prof. H. C. Troy 

11 

Butter milk 

0.159 

0.156 

II. J, Liedel 

12 

13 

Ice cream mix 
Cheese 

1 0.195 

0.188 

0.969 

H. J. Liedel 

H. J. Liedel 


CONCLUSIONS 

The method described can be used to determine the lime 
content of all dairy products excepting those containing large 
amounts of sucrose. It is simple and accurate. 
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The Biggest Problem Confronting Our Dairy Industry: Can 
THE American Dairy Science Association Offer a 
Solution for It? 

I do not hesitate to say that the biggest problem confronting the 
dairy industry is the improvement of the quality of our dairy products, 
especially our butter and cheese. Nor is there any doubt in my mind 
that the American Dairy Science Association can offer a solution for 
this problem if its members will put their best thoughts on the problem 
and devote their best efforts to its solution. There can be no doubt, 
for who should be better able to find a solution for this problem than 
those members of this Association who arc daily dealing with the re- 
search, commercial and economic asj>ects of the dairy industry? 

Considering the problem analytically from the standpoint of the 
fundamental, p^chological and economical principles involved in its 
solution, we must agree that it can be solved in part if not in its entirety. 

THE first fundamental PRINCIPLEj 

The first fundamental principle involved is economic and has to do 
with the producer. If he is to be expected to produce a better quality 
of milk or cream from which a higher quality product can be made, he 
must be offered an incentive to do so and he must be rewarded fordoing 
so. Economic results are determined by economic conditions. Is 
there a demand at the present time for a larger quantity of butter 
and cheese of higher quality than is now produced? If this demand 
was filled, could sufficient price be obtined for the additional quantities 
of high quality product so that the farmer would be rewarded for his 
part in helping to produce it? These questions must be answered 
in the affirmative, else there can be no possible incentive offered the 
farmer, and without an incentive to do better, to produce better, verjr 
little progress or improvement can be expected. 

Our nation today is the creditor nation of the world, and our pur- 
chasing power is larger than that of any other nation. We should 
have here the best market in the world for dairy products and especially 
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dairy products of high quality, for only consumers of high }:)urchasing 
ability are able to buy high quality dairy products. If we do not pro- 
duce these products of high quality, then limited supplies will make for 
high prices for such products, unless foreign dairy countries send their 
high quality products here to supply this demand. Surely we can afford 
to produce and supply our own markets with these high quality products 
if other countries can do so. If we can’t, then we must expect to obtain 
our food stuffs largely from foreign lands, because, when dairying as 
a business fails and is unprofitable in this country, then many other 
lines of agricultural production will also fail; for what phase of agricul- 
ture can bo made more profitable than dairying when it is efficiently con- 
ducted? Our dairy industry must always compete as a business with 
every other kind of farming suited to dairy sections, and the dairy 
industries of all foreign countries must do likewise. We are told we 
should consume twice the daily products we are now consuming, that 
proper national advertising should sell this additional amount of dairy 
products when we produce the quality product, sell it on a quality 
basis and tell the consumer why he should buy twice the amount he is 
now buying. 

A SECOND FUNDAMENTAL PRINCIPLE 

Confidence is the basis of most business dealings. If you have little 
confidence in the business methods of a person, you are not inclined to 
increase or enjoy your business dealings with that person. Business 
dealings are mostly prompted by a mutual benefit to be derived and a 
certain amount of personal satisfaction which can hardly be classed as 
mutual benefit. It is regarded generally that the nearer the business 
dealings can be placed on a fair and equitable basis, the greater the 
personal satisfaction obtaned and the farther the mutual business rela- 
tions will be extended. In fact, confidence is promoted by fair and 
equitable business dealings. 

A BASIS FOR EQUITABLE DEALING IN DAIRY PRODUCTS 

The most equitable basis for dealing in dairy products is that of 
quality — ^that is, the producer’s product would be paid for on a basis of 
quality and the products should be sold to the consumer on a similar 
basis. Grades and standards for quality are essential for such equitable 
buying and selling methods. Today, such do not exist, or if they exist 
they are not used as they should be; therefore, a great weakness exists 
in our present dairy marketing system and a serious handicap is placed 
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upon improvement in the quality of our product, and upon increased 
consumption of our products. 

Standards of quality must be established and our products must be 
marketed upon a quality basis, for it is fundamental to fair and equit- 
able dealing in dairy products and to progress in our industry. 

CHKAM QUALITY AND BUTTER QUALITY MUST BE CORRELATED IN THE 
STANDARDS AND GRADES OF EACH 

If cream is bought on a quality basis, the grades or various standards 
of quality for cream should be directly correlated to the grades or 
standards of quality of the butter resulting from the various grades of 
cream. Can such b(^ established? That remains to be determined. 
Here is a problem for the practical butter makers and cream graders to 
study, as well as for the research investigator. A first and neceasary 
step in such a study is a definitely established standard for the various 
scores or grades of butter, as has been worked out by the Dairy Section 
of the Burciau of Markets of the United States Department of Agricul- 
ture and which is fuUy described in Service and Regulatory Announce- 
ments No. 51, entitled 'Tlules and Regulations for the Inspection of 
Butter Under the Food Products Inspection Law.” Copy of this 
bulletin may be secured upon request of the United States Department 
of Agriculture. With this standard clearly in mind, careful and 
thorough studies should be made of the quality of cream require to 
produce these grades or qualities of butter, and especially of the 
various factors or characteristics of the cream, their degree of variation 
and the effect of these degi*ees on the quality of the resulting butter. 

TENTATIVE GRADES OF CREAM 

The following is a tentative basis for establishing grades for cream, 
in which a correlation is sought in the grades of cream of certain scores 
and the grades or scores of butter resulting from the churning of the 
various grades of cream. These' grades are merely suggestive of what 
ultimately should be produced. They are not the result of any definite 
laboratory experiments or investigations such as are necessary for the 
proper correlation of cream and butter quality with definite correlated 
standards of quality for each. 
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Tentative grades for cream 

Ratings for each factor considered 

Flavor 

Acidity 

Body 

Richness 

Foreign material and container . . 


46 

26 

10 

10 

10 


Total 


100 


nilAOKS 

FLAVon, 45 

.Vt 111* TY, 25 j 

liODY, JO 

KI< 

10 

1 OKffiK.N MATieUlAL 
AND CON'rAINKH, JO 

Grade 1-A 

94 or above 

Very clean 
and pleas- 
ing 

Sweet 

Perfect 

Above 

18 per 

c(;nt 

fat 

Perfect 

Grade 1 
Above 92. 

Clean and 
pleasing 

Under .:i0 

Smooth 

30 per 
cent 
fat 

None i and clean 
and sanitary 

Grade 2 
no to 92... 

Fairly 
clean yet 
palatable 

Under .45 

Smooth 

25 per 
cent 
fat 

None and clean 
and sanitary 

Grade 3 

88 to 90 . 

1 

Slightly ob- 
jection- 
able 

Under .00 

Slightly de- 
fective 

20 per 
cent 

or 

above 

Slight foreign ma- 
terial and un- 
sanitary con- 
tainer 

Grade 4 

83 to as... 

Grade 5 
Below 83.. 

Strongly off 
flavor 

Foul and 
wholly 
undesir- 
able 

Over .60 

Very defec- 
tive 

18 per 
cent 
fat or 
above 

I 

Noticeable effect 
of either or both 
foreign materi- 
al and unsani- 
tary container 
Excessive foreign 
or very unsani- 
tary container 


The above outline is wholly tentative and is intended to suggest 
merely a possible basis for study. The use and application of such a 
basis of grading in practical commercial work would necessarily have 
to be established and governed by carefully worked out rules and 
regulations in which the nimiber of points to be cut for defects would be 
clearly established for each defect. Such rules and regulations can 
not be arbitrarily established. They must be determined by careful 
investigation and due consideration to all economic factors involved, 
especially from the standpoint of relation of defect in cream to market 
grade of resulting butter and market value of it. 
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THE USE OF STANDABD GRADES OF CREAM BY CREAMERIES 

Presupposing that creameries graded their butter and so handled it 
that the grade or quality of it was known, possibly branding it on the 
package, and it was sold to the consumer on a quality basis of 87 score, 
89 score, or 93 score, what would be the result if the creamery bought 
cream from producers on a corresponding quality basis? If each of 
the four grades of cream purchased were churned separately, it would 
be a simple matter. Each grade of cream would be paid for according 
to the market value of the resulting quality of butter. And this would 
be but logical and would promote fair and equitable business deal- 
ing with the farmers. The spread in price between the grades would be 
determined by economic conditions and not on an arbitrary basis which 
might be quite unfair and unreasonable, therefore unsatisfactory. The 
use of a quality basis in buying cream would offer an incentive to the pro- 
ducer of low quality and provide a reward to the producer of high quality 
cream. It would establish a basis for fair dealing and beget confidence 
in buyer and seller. On such a basis of dealing, mutual benefit to 
buyer and seller would be fairly assured. 

If, however, all four grades of cream w^ere churned together what 
would be the result? Would it be practically identical with the churn- 
ing of each grade separately if the price paid for each grade of cream 
were based on the market value of the resulting quality of butter 
made from each grade? An example will illustrate the possible prac- 
tical working out of this proposition. 

Assuming a creamery is able to pay the same price per pound for 
butter fat that it receives for butter and butter is quoted as follow: 
87 score 37 cents; 89 score 40 cents; 91 score 42 cents; 93 score 43 cents, 
and that a creamery receives 100 pounds butter fat in 87 score cream, 
200 pounds butter fat in 89 score cream, 200 pounds butter fat in 91 
score cream and 300 pounds butter fat in 93 score cream, it would 
then pay for the cream the following prices: 


100 pounds butter fat, 87 score cream at 37 cents $37.00 

200 pounds butter fat, 89 score cream at 40 cents 80.00 

200 pounds butter fat, 01 score cream at 42 cents 84.00 

300 pounds butter fat, 93 score cream at 43 cents 129.00 


800 pounds butter fat bought for $330.00 


Average cost per pound butter fat, 41 J cents. Allowing 20 per 
cent overrun, there would be produced 960 pounds of butter which 
should have an average sorce of 90.76, established as follows: 
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100 X 87 8,700 

200 X 89 17,800 

200 X 91 18,200 

300 X 93 27,900 


800 72,600 


960 pouTids butter of 90.75 Score 

960 pounds butter scoring 90.75 at 42 cents per pound $393.20 

Cost of 800 pounds butter fat 330.00 


Difference $63.20 


Difference to cover cost of manufacture equals $03.20 or 6.6 cent 
per pound butter made. This is a purely theoretical case and it would be 
interesting to know how it would work out in practice. Who can 
say that it could not be Avorked out? If it could not, could a practical 
basis of grading cream be established and a practical method of apply- 
ing such a basis to the buying of cream be worked out? 

Here is a big problem, to the solution of which the members of the 
Dairy Products Section of the American Dairy Science Association can 
well afford to give their best thought and effort, for upon its solution is 
dependent the future quality of American creamery butter. 

Roy C. Potts, 

Bureau of Markets, United States Department 
of Agriculture. Washington D, C. 



REVIEW OF DAIRY LITERATURE 

A New French Dairy Journal 

Le Lait is the name of a new French journal relating to the dairy 
industry. It is published at No. 2 Quai Chauveau, Lyon, France. 
Prof. Chas. Porcher, a distinguished author and investigator, is the 
editor-in-chief, and he is assisted by a corps of collaborators from vari- 
ous parts of Europe. The subscription price is 35 francs per year. 
The plan of the publishers is to issue not less than ten numbers per 
volume, one volume to appear each year. 

The aim of the editors is principally twofold. First, to use Le Lait 
as a medium for the dissemination of knowledge of the dairy industry 
from numerous view points including both scientific and practical 
problems, covering a wide range of subjects. From this standpoint, it 
will prove of worldwide interest and it should find readers wherever the 
dairy cow is kept. Second to use.Le Lait as an organ for encouraging 
the development of the dairy industry in France, and also the use of more 
milk and milk products among the French people, all of which are 
most worthy aims. 

The high quality of the first number gives good promise that it 
will in the future reach the mark set for it by its publishers. The dairy 
industry, the world over owes a great debt to France, The discoveries 
of Pasteur practically applied in the so-called pasteurization of milk 
have made his name a household word especially in the United States. 
The homogenizer is another French invention that has brought great 
benefit to the dairy industry. Le Lait is destined to increase our 
debt still more. It is hoped therefore that the latter will receive from 
the United States such moral and financial support as may help to 
insure its success. 


T. Mojonnibb. 



CREAMERY INSPECTION DATA 

H. W. REDFIELD and W. A. STOCKING 
Bureau of Chemieiry^ United States Department of Agriculturet Waskingtont D. C. 

Dviring the summers of 1918 and 1919, the authors jointly or 
separately visited approximately 150 creameries situated in the 
following states: Alabama, Arizona, California, Colorado, Illi- 
nois, Indiana, Iowa, Kansas, Michigan, Minnesota, Mississippi, 
Missouri, Nebraska, New York, North Carolina, Ohio, Okla- 
homa, South Carolina, Tennessee, Texas, Utah, Virginia, West 
j^irginia, Wisconsin, and Wyoming. Of these creameries, each 
of 70 manufactured 500,000 or more pounds of butter per year. 
Eighty of them manufactured respectively less than 500,000 
pounds of butter per year. The total output of the entire group 
of creameries as reported by their managers was approximately 
200,000,000 pounds of butter. 

In each plant visited, the information recorded was combined 
from the word of the managers, from the records of the creamery, 
and from direct observation. The information sought included 
the total amount of cream received, and the percentages of this 
total obtained from shipping stations, from single shippers, by 
cream routes, and by delivery by the patron directly. Where 
cream was shipped, the range of distance covered by such ship- 
ments was app:(oximated. Concerning the stock itself, the 
range of fat content, acidity, and basis of grading, if any, were 
recorded. With reference to methods of manufacture, the use 
and t 3 rpe of neutralizer, if any, and the methods of application 
were observed. The method, temperature, and time of pasteuri- 
zation were recorded. The character and percentage of starter 
used were noted. Details of churning, when obtainable, were 
described. Concerning the resulting product, the factory grading, 
the percentage represented in each grade and the amount of salt 
used were tabulated, and finally the score of the different grades 
of butter manufactured and the methods of marketing were 
discussed with the management of each creamery. 
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Although the number of creameries visited is not great, care 
was taken to make the inspection cover as representative a series 
as possible. It is believed that a summary of the observations 
made in the cotirse of this investigation may be of considerable 
interest. A very large number of investigators have discussed 
the problem of butter manufacture. No attempt will be made 
to review this extensive literature. For such discussions, the 
reader is referred to standard dairy references and the college 
and experiment station literatiire. Such investigations cover 
specific methods of manufacture, the applications of pasteuri- 
zation to the production of a butter which will maintain its 
character in storage, the cause and nature of particular defects 
in the product. 

In this investigation, which is the first of a series of studies 
upon the problem of butter, the authors endeavored to obtain 
enoi^h observations upon the practical problems of production 
of cream, under the most varied conditions, of method of delivery, 
of the condition of the cream when received, of the methods of 
manufacture in the creamery, to aid in interpreting a series of 
intensive studies to be made by ourselves and others of e35)eri- 
mental work in the creamery. This paper will be limited to a 
summary of the observations made in the field inspection of the 
creameries themselves. 

SANITARY CONDITION OF PDANTPS 

The sanitary condition of the creameries was very satisfactory. 
This is true of the plants of all sizes, from the very smallest up 
to the very largest centralizing establishments. There were a 
few exceptions to this condition but such exceptions are to be 
anticipated among manufacturing establishments. The prin- 
ciples of sanitation as applied to creameries are so well worked 
out and so well known that f^ures of this kind are local and per^ 
sonal matters which should be looked after by boards of health. 

EQUIPMENT OF PLANTS 

On the whole the plants were efficiently equipped. In many, 
especially small ones, the equipment was not expmisive, but in 
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practically every case the machinery was sufficient for doing 
satisfactory work and was of modern construction. Occasion- 
ally the equipment was somewhat out of date and badly worn. 
In some, especially of the larger plants, the equipment was of 
the most modern type and occasionally quite expensive. 

It is noteworthy that the equipment in both large and small 
plants with few exceptions includes pasteurizing machineiy of 
such type as to obtain satisfactory results. There are, of course, 
a series of small creameries, in particular sections of the country, 
in which pasteurization apparatus is inadequate or not present 
at all. It is clear, however, that the cost of adequate pasteurizing 
machinery does not interfere with its introduction in any success- 
fully managed plant. 

As a rule little criticism can be made from the standpoint of 
equipment. It is thus clear that dairy machinery as installed 
in the ordinary creamery is of such character as to admit of 
successful operation. 

METHODS OF MANUFACTURE 

The methods of butter manufacture observed throughout the 
territory visited are surprisingly uniform. It is evident, that 
the butter industry has become so well standardized that there 
is little difference in the essentials of manufacture in various 
parts of the country. Minor differences in detail of procedure 
in different sections of the country do occur. In individual 
plants in any locality such differences are occasionally found 
but these are, as a rule, unimportant in character. 

So far then as the plants visited are representative of the butter 
industry, creamery butter is rapidly coming to mean butter 
made from pasteurized cream. Both large and small plants are 
using such apparatus successfully. Both flash and holding 
methods are in common use. The holding method seems to be 
more common in the smaller plant where the volume of cream 
handled is not very large. The temperatures and time of expo- 
sure vary in different plants. In holding pasteurization 145° F. 
for twenty to thirty minutes is most common. Occasionally 
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165°F. for ten or twenty minutes is used. Where the flash 
method was used, the temperature was varied from 165®F. to 
185°F. In the larger plants there is the decided tendency to use 
the double flash method, in which the cream is heated to a mod- 
erate temperature as it passes through the first machine, and then 
goes directly to the second one where the desired temperature is 
obtained. In those large plants in which a grading of cream is 
practiced, there is a distinct tendency to pasteurize first grade 
cream at a considerably lower temperature than second grade 
cream. Such temperatures as 185®F., especially when accompanied 
by the use of a retarder, are closely associated with conditions in 
which poor cream or second grade cream becomes a prominent 
characteristic of the raw material. 

There appears to be a decided tendency to discontinue the use 
of cream starters in all parts of the coimtry. Two chief reasons 
were given for the discontinuance of this practice. In some 
places it is difficult to secure satisfactory material for making 
starters but the chief reason given is that the experience of recent 
years has proved that butter made from cream with low acidity 
keeps in storage better than that made from cream of high acidity. 
For this reason, primarily, most of the butter manufacturers 
are churning cream with as low acidity as possible. This, of 
comse, eliminates the use of the starter. In those plants where 
the cream supply is received sour, the practice of reducing the 
acidity with alkalies is generally followed. The' amount of alkali 
used depends upon the degree of acidity of the cream supply. In 
some sections of the country reduction of acidity is accomplished 
by the use of lime or lime water. In some sections soda is used. 
.Some use milk of magnesia. In many plants a combination of 
two of these agents is employed. Occasionally cleansing powder 
was found in use. In most plants, especially of the larger ones, 
the percentages of moisture and salt in the finished product are 
very carefully watched and controlled, so that the finished prod- 
duct is a very uniform one from day to day in a given plant and 
also in different plants of an organization. The large volume of 
unsalted butter reported by these creameries is also noteworthy. 
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AGE OF CREAM 

In respect to age of cream, there are marked differences in the 
different sections of the country. In those sections where sweet 
cream is delivered to the creamery, it is usually not more than 
one or two days old. In the sections where the creameries 
receive sour cream, it is practically always older. Probably 
a very large percentage of it during the summer time is from four 
to six days old upon arrival at the creamery. A small proportion 
is older, occasionally as much as seven or eight days of age when 
received. Sometimes shipments older than this are accepted. 
There is a tendency on the part of plant operators to urge the 
farmers to deliver as frequently as possible. It was not, however, 
the practice of the creameries or cream buying stations to refuse 
simply because of its age in days. 

QUALITY OF CREAM 

Sweet cream. In general the sweet cream was of good quality. 
In some cases, especially in the South, milk and cream at certain 
seasons became badly tainted from certain types of vegetation 
in the pastures. Feedy flavors were also reported in various 
parts of northern Michigan. Aside from the instances in which 
the feed was regarded as responsible, the sweet cream was usually 
satisfactory. In certain localities, notably northern Iowa, the 
smaller creameries in Arizona, and certain sections of California, 
sweet cream alone is received. Most of these plants receive 
their supplies from a relatively small area per plant. The excep- 
tions to this are sufficiently noteworthy, however, to indicate 
that the number of these plants could be very greatly increased 
with resulting economy of operation and improvement of the 
butter supply as a whole. 

Sour cream. The acidity of the cream varied considerably in 
the plants visited. Occasionally, cream was found only mildly 
acid, 0.2 to 0.3 per cent. In other sections, the acidity ran much 
higher. Extreme cases were found where the acidity tested 
1.5 per cent. A rough average for sour cream might be 0.5 
per cent. It is noteworthy that some of the sourest cream was 
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observed in the central states. The regions tributary to St. 
Louis, Kansas City, Omaha, Lincoln, Oklahoma City and Denver, 
dbowed a larger percentage of exceedingly sour cream than areas 
in the far South where temperatures are much higher. Neither 
climatic conditions nor the state of farming is sufficient to account 
for so much sour cream in some of these areas. In the South, 
notably Mississippi, where dairying has developed rapidly 
during the last few years, special attention has been given to the 
care of cream so that it reaches the plant with lower acidity than 
in many regions in which more might be expected because of 
more favorable climate. In Arizona where the climate is ex- 
tremely hot but where the development of the butter industry 
has also been recent, cream was found delivered at the plant one 
or two days old but relatively low in acid. The same was equally 
true in the San Joaquin Valley of California, where the cream 
supply comes from comparatively short distances. 

Much sour cream has a clean, sour flavor. Some part of it 
constantly shows various types of “off flavors.” These are 
designated by the butter makera by such names as yeasty, vine- 
gary, cheesy, stale, bitter, onion, weedy, metallic. There is 
some difference of opinion as to which of these defects cause 
the most difficulty. Stale and yeasty creams were, however, most 
generally condemned as making most serious trouble from the 
standpoint of the score of the butter obtainable after manipulation. 
Some butter makers regarded metallic cream as most trouble- 
some and in a very few cases weedy flavors were reported as 
the most serious difficulty. Since weedy flavors are only a local 
matter, the stale and yeasty cream may be regarded as that 
which interferes most widely with the score of the finished 
product. 


METHODS OF CBEAM DEUVEBY 

' t 

Aside from the local product delivered by the farmer, three 
generid methods of cream delivery were observed in various 
parts of the country: A, direct shippers; B, receiving stations; 
C, cream routes. 
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Of these three, the first two methods of delivery were first 
developed in those sections where dairying was somewhat scat- 
tered and the local supplies too small for successful manufac- 
turing. Both are now large factors in many dairy communities. 
Some companies adhere rigidly to the direct shipper system while 
others use both the direct shipper and the receiving station 
methods. In most cases the butter maker stated that the cream 
received from the direct shippers is normally of better quality than 
that coming from the shipping stations. The reason given waa 
that the direct shipper is in closer touch with the central com- 
pany and can be informed directly when his product is unsatis- 
factory. In such cases it becomes easily possible to discriminate 
in price in favor of the better grades of cream. When cream is 
received from shipping stations, the person in charge of the 
station may have little knowledge of the dairy business. Cream 
is tested for fat and paid for at the time of delivery, and con- 
signed to the creamery by its own agent. The cream from differ- 
ent shippers is generally mixed before shipping to the central 
plant, so that the cream of the individual farmer has lost its 
identity. Further, the men in charge of receiving stations are 
frequently poor judges of quality and in many cases they receive 
their commission on the basis of the amount of butterfat pur- 
chased irrespective of the flavor of the cream. All of these 
factors work together to depreciate the value of shipping station 
cream. These stations, as f ar as observed, were properly equipped 
for making the Babcock test, were generally insufficiently equipped 
for washing and steaming cans, and not equipped at all for cool- 
ing the cream. 

These observations are in harmony with the statements of 
others with reference to shipping stations. In certain sections 
the delivery by cream routes was observed. Whete automobiles 
are used, these routes extend as far as 30 to 40 miles from the 
central plant. The truck is usually owned and operated by the 
creamery. Sometimes the cream is gathered daily. In other 
cases the collections are made on alternate days. This system 
appears to be quite satisfactory where roads permit the con- 
stant operation of delivery trucks. 
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OBADINO CREAM 

In a constantly increasing number of cases cream is purchased 
by grade and a differential of 2 to 5 cents per pound of butter 
fat is paid the producer of good quality product. In many cases, 
on the other hand, especially at shipping stations, one price 
is paid for all cream regardless of condition. A general desire 
has been expressed by creamery operators to follow some grad- 
ing system and to pay on the basis of quality. Thus far grading 
has failed in many sections, because of competition between 
creameries for the cream. This appears to be especially true 
where several creameries have shipping stations in the same 
territory with managers paid for quantity not quality of 
shipments. 

In the plants receiving sweet cream, one grade of butter only is 
made, since the cream accepted is all sufficiently good in quality 
to produce a high grade product. In the sour cream plants they 
usually sort the cream into two or three grades when received. 
The first grade includes all cream which the butter makers con- 
sider sufficiently good to go into their first-grade product, for 
which they have established a market. Throughout much of 
the territory visited, this product scores about 90 to 91. The No. 
2 grade includes cream which is more stale, foamy, or yeasty, 
or has other off flavors which are too pronounced to allow inclusion 
in the so-called first-grade product.- The practice of various 
creameries differs, but this grade commonly is made to include 
such cream as will make a butter scoring from 88- to 90 according 
to the factory. 

Number 3 grade includes the most pronounced stale, yeasty, 
cheesy, weedy, or other off flavors. In many of the plants, no 
cream was reported as too poor for use. In others an occasional 
can was returned to the famier or made into packing stock. 
The percentage of cream going into the different grades in the* 
various creameries differs markedly. In some cases all but about 
two per cent went into first grade. In others as high as 30 per 
cent would be in second grade and 5 to 10 per cent in third 
grade. Most plants limit the grading to first and second, except 
perhaps during the two or three hottest months of the year. 
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The disagreement in grading practice observed probably 
accounts for great differences observed in creamery butter, since 
the amount of “off flavored” cream put into first grade at the 
factory depends upon the judgment of the butter maker or the 
instructions which he has received. With a standardized output 
at a particular market score, first grade is made to include all off- 
flavored cream which can enter without depressing the score of 
the butter below this particular point. 

The importance of the introduction of this off-grade cream 
into first grades can hardly be overestimated. Observations in 
certain of these creameries have shown that sour cream in other- 
wise proper condition can be made into really high-grade butter, 
but the introduction of comparatively small percentages of 
off-flavored stock into so-called first grade lowers materially the 
general level of the product. When this product, as from the 
group of large plants in the Great Plains and Prairie regions, totals 
to hundreds of millions of pounds, that lowering of the general 
level has a very wide effect upon the industry as a whole. 

While in theory, all parties recognize the desirability of grading, 
adequate steps toward the establishment of recognized grades 
have only recently been taken. With the approval of some 
dairy organizations, the dairy commissioner of Kansas and 
later the commissioners of Nebraska, Missouri, Oklahoma, and 
Colorado have promulgated a grading system. In their an- 
noimcements the creamery is ad\dsed to include in first-grade 
product only cream which is medium or slightly sour but with 
a clean, acid taste, and sweet cream. All cream which is recog- 
nizably metallic, weedy, oily, cheesy, greasy, bitter, tainted, 
contains colostrum, is yeasty, stale or musty or very sour defi- 
nitely goes into second or third grade according to the intensity 
of the off flavor. The terms used are those well known and in 
common use in the creamery industry and the desirability of 
such grading is quite generally recognized. The observations 
made indicate clearly that a comparatively small percentage 
of the total cream would be designated by any one or any com- 
bination of these particular off flavors. It is, therefore, clear 
that the low general level of the output of large numl^rs of 
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factories is fairly definitely due to the inclusion of materials in 
first grade which belong properly in second-grade butter or which 
should not be used at all for creamery butter. 

The regions visited show a marked tendency toward a higher 
grade of butter in those plants in which a sweet cream is used. 
This applies to large plants as well as small plants. Butter from 
such plants normally scores from 2 to 4 points higher than that 
in those plants using sour cream. While these higher grades of 
butter were more commonly found in small plants drawing their 
supply from local territory, the occasional exception is note- 
worthy. Certain large plants, in which the collection of care- 
fully produced cream is organized along proper lines, produce an 
equally high grade of product. Further, in many small plants 
the methods of operation are not as uniform and the product 
when finished is more variable than in the larger plants. 

Under such conditions, small creameries produce some of the 
lowest grades of butter. The smaller plant with its smaller 
output is also at a disadvantage in shipping and selling its prod- 
uct. As a result butter of var3ang grade in small lots frequently 
commands a less satisfactory market than butter of very moderate 
quality but uniform from day to day and in large quantity. 
This disadvantage can only be offset by disposal of the product 
to local markets or by such grouping of plants as will give greater 
advantage in selling. 

DISCUSSION AND SUMMARY OF OBSERVATIONS 

1. The flavors which were especially criticised by the creamery 
men themselves as preventing the manufacture of better butter, 
named in the order of their importance, were yeasty, stale, 
bitter, metallic, unclean, weedy, cheesy, and vinegary cream. 

2. Off-flavored cream was found in all sections visited, pre- 
dominantly in such sections as permitted the delivery of cream 
from 4 to 6 days old. The causes of such flavors were not ob- 
served in this investigation, although dirty utensils have been 
many times reported by others. 

3. Poor quality in butter is primarily due to poor quality in 
cream. This is almost invariably associated with failure to 
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grade properly. It is also associated with failure to pasteurize 
in a few of the factories. 

4. Sour cream even with acidity up to 0.7 per cent, if free from 
taint, can be made into butter scoring 92 to 93, by the newer and 
better organized factories. Scores higher than this are reached 
regularly from cream of really high quality. 

5. The factors leading toward improvement in quality in butter, 
as observed, were (1) Location of the factory as closely as pos- 
sible to the supply of cream; (2) The collection of cream every 
day by means of cream routes or by direct delivery; and (3) 
Cooling the cream at all times before manufacture. 

6. The quality of cream and the quality of butter made from 
it is not primarily dependent upon the size of the plant or the 
radius of its cream-producing territory but upon the intelli- 
gent care used in its production, upon the regularity and prompt- 
ness of its delivery, and upon its proper grading and manufacture 
at the factory. 



THE POSSIBILITY OF INCREASING MILK AND BUT- 
TERFAT PRODUCTION BY THE ADMINISTRA- 
TION OF DRUGS. II 

ANDREW C McCANDLISH and T. M. OLSON 
Dairy Husbandry Section, Iowa Slate College, Ames, Iowa. 

The process of milk secretion is not yet fully understood and 
there is extreme difficulty in determining some of the factors 
which influence it. It is the belief of many that certain drugs 
have galactagogic powers and will increase not only the total 
3 deld of milk and butterfat but also the percentage of fat in 
milk. Work with laboratory animals has apparently demon- 
strated the gaJactapoietic powers of a few drugs and similar 
results are also reported in certain cases with the human subject. 
The use of galactagogues in commercial dairying would be out 
of the question but the study of the possibilities of their use 
with cows on official or semi-official test is of interest. Attempts 
have been made by men in charge of herds to use such materials 
with the special object of increasing the percentage of fat in 
milk and the purpose of the work reported here is to ascertain, 
if possible, the probable results of such attempts. 

No attention will be given here to experimentation with 
mammals other than the cow, for the simple reason that though 
much valuable work has been done with these subjects the results 
need not necessarily be directly applicable to the cow as there 
may be certain generic differences in physiological activity. It 
is known that in some cases, especially with the human subject, 
variations in milk production can be brought about much more 
readily than in the case of thq cow. 

The possible ways by which drugs may influence the mammary 
gland are many and varied, and in order to better understand 
the action of any specific drug it is well to consider at least 
some of these possibilities : 

1. The action of the drug may be directly on the protoplasm 
of the secretory cells, either stimulating or inhibiting the action 
of the cells. 
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2. The secretory nerve terminations in the mammary gland 
may be stimulated or depressed, thus resulting in either an 
increased or decreased secretion of milk. 

3. The action of the heart may be influenced and produce an 
increase or decrease in the rate of circulation of the blood, thus 
altering the volume of blood and the amount of nutrients which 
would pass through the udder. 

4. The general vasomotor influence of drugs, in increasing or 
decreasing the amount of blood passing through the udder, by a 
vasoconstriction of arterioles in other parts of the body or by 
dilatation of the arterioles in the mammary gland, is important. 

5. The effects of drugs on the digestive system, through their 
influence on the activity of digestion and absorption, and 
ultimately the amount of nutrients available for milk and fat 
production, are worthy of consideration. 

6. The action of drugs on organs indirectly associated with the 
mammary gland might influence milk and fat production. 

As these actions may be brought about separately or in al- 
most any combination and in varying degrees of intensity, it is 
seen that the problem of the influence of drugs on milk secretion 
is a complicated one and the fact that individual cows vary in 
degree of susceptibility to drug action increases the complexity. 

The problem is here treated with the view of determining the 
possibility of influencing the production of healthy cows and 
more particularly the percentage of fat in the milk. In con- 
ducting this work the one or two day tests of the dairy cattle 
breed associations were kept in mind because it is only in such 
tests that there would be the greatest opportunity and tempta- 
tion to use drugs, and it is also fairly well recognized that a slight 
increase in the percentage of fat in the milk might be maintained 
for a few days only by the use of drugs, and in addition con- 
tinued drug ^ministration would be more readily detected. 

There is a long list of substances popularly reputed to have 
galactagogic effects — amongst these are the aromatics, fennel, 
anise, caraway, juniper berries, coriander, dill, pimpinella, 
calamus; the bitter stomachics, sulphur, the neutral salts, the 
antimony preparations, and many others — but distinction must 
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be made between the use of drugs based on a knowledge of thmr 
physiological action and the use of those indicated by empirical 
teachings. The popular milk powders are compounded largely 
from the constituents just stated. ' 

EjfeSTJM:^ OF PEEVIOUS WOEK 

Very little experimental data is available on the influence of 
drugs on the milk and fat production of dairy cows, and only 
those used in the work reported will be considered here. 

Aloes. It was foimd by Lanzoni (3) that the fat percentage in 
cow’s milk was decreased by the administration of aloes, while 
McCandlish (4) found that aloes decreased milk production 
1 per cent and increased the percentage of fat 4 per cent and the 
total fat yield 3 per cent. Henderson (2) found a decrease in 
both milk and fat yield and an increased percentage of fat. 

Castor oil. According to McCandlish (4) castor oil caused a 
decrease of 10 per cent in fat percentage and 11 per cent in the 
total fat yield. 

Strychnine. It was reported by McCandlish (4) that a mix- 
ture containing nux vomica decreased the milk and fat yield 
but increased the fat percentage only slightly, though with one 
cow in two trials there was an appreciable increase in the per- 
centage of fat accompanied by a marked decrease in milk yield. 
Henderson (2) obtained negative results with nux -vomica. 

Sodium ca^dylate. No reports are available oh the use of 
sodium cacodylate but Hays and Thomas (1) obtained negative 
results on using Fowler’s solution of arsenic. 

Eesults are obtainable from the references given on a few 
other drugs but they are not included here as the other drugs 
mentioned were not used in this work. 

PHTSIOLOaiCAL ACTION OP THE DEtJGS USED 

In this work the drugs used include castor oU, aloes, strych- 
nine, sodium cacodylate, rhubarb, potassimn iodide, urotropin 
and benzoic acid. These have been chosen in view of the fact 
that a knowledge of their physiological action would seem to 
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indicate some possibility of their either directly or indirectly 
influencing the mammary gland. 

Castor oil. This is a bland, non-irritating fluid, and in itself 
is not a purgative. On passing into the intestine, however, it is 
saponified by the pancreatic juice, and the ricineolates formed 
from the ricineoleic acid liberated are irritant and cause purga- 
tion. In this way nutrients that might otherwise be utilized 
are carried off and a general depression is also produced. 

Aloes. The action of aloes begins in the large intestine, a fact 
which accounts for its slow action, and its active stimulation of 
peristalsis in this part of the alimentary tract. The active 
principle of aloes, aloin, is responsible for the purging action. 
It is also very bitter and therefore excites the salivary and gastric 
but not the intestinal secretions. The end products of aloes 
absorbed from the large intestine are eliminated by the bowels, 
kidneys and mammary gland. Its ehmination by the latter 
route may cause a looseness of the bowels of the suckling animal, 
if a sufficient amount of aloes has been given to the dam. It 
sometimes causes diuresis; induces reflex irritation of the female 
pelvic organs; is an emmenagogue and may be abortifacient. 

Rhubarb. This is a stomachic and bitter tonic, and therefore 
increases the salivary and gastric secretions, improves digestion, 
stimulates the appetite, and the vascularity and movements of 
the stomach. Its activity is partially due to its solvent action 
on bile. Bhubarb contains a considerable amount of tannic 
acid, which acts as an astringent and, after the evacuation of the 
bowel, may cause constipation. The presence of chrysophanic 
acid in rhubarb sometimes giv^es a yellow tinge to the skin, 
urine, sweat, and milk. 

PotassiuTn iodide. This is an alterative and therefore exer- 
cises an influence upon the nutritional and metabolic processes 
of the body. It is absorbed and eliminated rapidly, escaping 
from the body in all excretions and secretions, but largely through 
the kidneys and salivary glands. Although the greater portion 
escapes within twenty-four hours after administration, some 
remains in the body, resulting in an accumulation, following 
the administration of succ^sive large doses. 
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Strychnine. When strychnine is given in therapeutic doses, 
a stimulating action on the central nervous system, especially the 
spinal cord, is foimd. The sense of touch becomes more deli- 
cate, and excitability more marked; Larger doses cause twitch- 
ing of the muscles, followed by tremors, and then convulsions, 
in which all the muscles of the body are involved. The proper 
functioning of the respiratory muscles are interfered with, re- 
sulting in deoxygenated blood. The heart action is slowed by 
the stimulation of the cardio-inhibitory center, and the vaso- 
motor center is stimulated, causing a constriction of the splanch- 
nic vessels, deflecting the blood from the internal organs to the 
skin and limbs. A complete disorganization of the vaso-motor 
center follows an overdose. Strychnine increases the flow of 
saliva, stimulates the appetite, and increases the activities of 
digestion. It is absorbed mainly from the intestine. 

Sodium cacodylate. This is less toxic than other arsenic 
compounds, due to the slow liberation of arsenious acid in the 
animal body. It is alterative, modifying nutrition. It stimu- 
lates the central nervous system, and induces vaso-dilatation of 
the capillaries. Sodiiun cacodylate is eliminated in the urine, 
feces, sweat, and milk. 

Urotropin and benzoic add. No direct action can be attrib- 
uted to luotropin, but it liberates formaldehyde, which acts as 
an irritant and a disfectant. The liberation of formaldehyde is 
accelerated by the use of an acid. It is eliminated largely 
through the kidneys, although small quantities can be detected 
in other excretions and secretions of the body. 

METHODS OF EXPERIMENTATION 

The four cows used in this experiment were allowed to remain 
with the general herd and were milked twice each day by the 
same milker; a sample was taken from each milking for the 
determination of butterfat by the Babcock method. 

Information concerning the animals used has been tabulated 
and where necessary it is calculated to November 16, 1919, the 
day on which the trial started. 
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The feeding of the cows was conducted along with that for 
the general herd and records of the feed consumed were obtained. 
The animals were watered twice daily in the barn during bad 
weather but otherwise outdoors when they were exercising. 

The experiment may be divided into two large sections, as 
it was believed best in the middle of the work to rest the cows 
for ten days and alter their grain rations to some extent. 


TABU? a 
Animals used 



row 298 

cow 323 

cow 373 

cow 398 

Breed 

Grade 

Grade 

Grade 

Grade 

Ase. years 

Guernsey 

4 

Holstein 

Holstein 

21 

15 

Jersey 

2 

Fresh, days 

112 

75 

51 

Previous lactations 

2 

1 

0 

0 

Live weight, pounds 

860 

980 

970 

700 



TABLE 2 


Daily rations 



cow 298 

cow 323 

cow 373 

cow 398 

First 

section 

Second 

section 

First 

section 

Second 

section 

First 

section 

Second 

section 

First 

section 

Second 

section 


pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

pour^s 

pounds 

Com silage 

30 


35 

35 

30 

30 

25 

30 

Alfalfa hay 

5 

5 

5 

5 

5 

5 

6 

5 

Cracked com 

2 

2 

1 

2 

1 

2 

2 

2 

Ground oats 

4 

1 

3 

2 

4 

4 

2 

2 

Wheat bran 

3 

1 

3 

2 

2 

2 

4 

2 

Oil meal O.P 

2 

2 

4 

2 

3 

3 

4 

2 


Throughout the experiment the rations consisted of com silage, 
alfalfa hay and a grain mixture of cracked corn, ground oats, 
wheat bran, and old process linseed oil meal. 

The length of the experimental period during which any 
drug was administered was always two days. The check periods 
were not all of the same length. The plan of the experiment 
called for an eight day check period before and following the 
administration of each drug, but the plan could not be adhered 









480 


ANDBEW C. McCANDLISH AND T. M. OLSON 


to rigidly. However, the length of the check periods did not 
vary more than one day either way. The first check period 
began November 16, 1919, and the last check period ended 
February 19, 1920. 

TABLE 3 

Drug administration 


DRUO 

KUMBEB 
OF cows 

cow 

NUMBEB 

BOSAOES AND MSTHODS OF ADMXNIBTBATZON 

Castor oil 

4 

293 

One-half pint given in morning and 1 pint in 
the evening for two days, as a drench 



323 



373 




398 


Aloes and rhubarb . 

4 

298 

One bolus of aloes and2 boli of rhubarb in the 



323 

evening, and 2 boli of rhubarb in the morn- 



373 

ing for two days. Each bolus of aloes con- 



398 

tained 1 ounce of aloes . The rhubarb bolus 
contained ounce rhubarb 

Potassium iodide. . 

4 

298 

Cow's 298 and 398 received 3 drams of potas- 



323 

slum iodide in 1 quart of water evening and 



373 

morning for two days. Cows 323 and 373 



398 

received 4 drams of potassium iodide in 1 
quart of water evening and morning for 
two days 

Strychnine 

3 

298 

Cows 298 and 373 received hypodermically 
i grain strychnine in the evening and } 



373 



398 

grain m the morning for two days. Cow 
398 received i grain twice a day for two 
days 

Sodium cacodylate 

3 

298 

Twenty-four grains of sodium cacodylate in 



373 

20 cc. of distilled water twice a day for two 



398 

days, given hypodermically 

Urotropin and ben- 

3 

298 

Cow 298 received 2 drams urotropin in 1 

zoic acid 


373 

398 

quart of water twice a day for two days* 
Cows 373 and 39$ received 2 drams of uro- 






tropin and 2 drams benzoic acid in 1 quart 
of water twice a day for two days 


In order to obtain a reasonable idea as to the influence of the 
drug used, the average daily production of each cow during the 
check periods immediately proceeding and following the period 
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Average daily yields of milk and fat 
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of drug administration was obtained. This was used as a 
basis with which to compare the average daily production of the 
cow during the period of drug administration. 

DISCUSSION OP RESULTS 

Castor oil. The castor oil did not produce purging or even 
noticeable laxativeness in any case. There was a decrease in the 
percentage of fat and the total fat yielded in every case, and a 
slight increase in milk in two cases. The decreases in the per- 
centage of fat and the total fat yield were 11 per cent and 10 per 
cent respectively, with a 1 per cent increase in milk yield. All 
the cows were thrown off feed, refusing to to eat all their grain 
for two feeds. 

Ahes and rhubarb. The aloes and rhubarb produced an in- 
crease in each case in fat percentage and total fat yield, the 
average increase for the four cows being 8 per cent and 6 per cent 
respectively. A slight decrease occurred in milk production in 
three cases, the fourth showing an increase of 1 per cent. The 
marked increase in the percentage of fat in one case, that of cow 
323, can be partially attributed to the fact that the cow went 
off feed on the administration of the aloes and rhubarb, and con- 
sequently, decreased greatly in milk production. 

Potassium iodide. The administration of potassium iodide re- 
sulted in a variety of changes in the yield of milk, percentage of 
fat, and total yield of fat. One case resulted in a decrease in 
milk, fat percentage, and total fat. This cow was off feed, which 
may account for the decrease in her case, as in the other cases 
the tendency was upwards. An average increase of four per 
cent in milk yield, 1 per cent in percentage of fat, and 5 per cent 
in total fat jdeld, resulted from the administration of this drug. 

Strychnine. The administration of strychnine resulted in a 
2 per cent decrease in milk in the case of one cow, and a 3 per 
cent decrease in fat percentage in the case of one other cow. 
Aside from these decreases, an increase in milk, fat percentage, 
and butterfat yield followed the administration of strychnine. 
The average for the three cows was an increase of 4 per cent in 
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milk production, 6 per cent in total fat yield, and 1 per cent in 
the fat percentage. The animals manifested a slight nervous- 
ness, which can probably be attributed to the strychnine, but 
no other abnormal symptoms were noticeable. The fourth cow 
was eliminated at the beginning of the trial as she was difficult 
to keep on feed. 

Sodium cacodylate. The sodium cacodylate was variable in 
its influences. In two cases there was an increase in fat per- 
centage and total fat, with a 3 per cent decrease in milk in the 
case of one cow, and no change in milk yield with the other. 
In the third case there was a 2 per cent decrease in milk and fat, 
with no variation in fat percentage. The average for the three 
cows was a 2 per cent decrease in milk, a 4 per cent increase in 
fat percentage, and a 1 per cent increase in total fat yield. 

Urotropin and benzoic add. Urotropin was administered to 
one cow, while the two others were given benzoic acid and uro- 
tropin. The urotropin was administered alone to note whether 
the milk would indicate the presence of formaldehyde, without 
the use of an acid. A chemical examination indicated a positive 
test for formaldehyde, without the administration of an acid. 
Urotropin produced a decrease in milk, fat percentage, and total 
fat in the case of one cow, and when the benzoic acid was added 
the same results were obtained in the case of the second cow. 
In the case of the third cow, given urotropin and benzoic acid, 
an increase in milk, fat percentage, and total fat resulted. The 
average for the three cows showed a slight decrease throughout, 
though the individual variations, especially in the percentage 
and yield of fat, had been very wide. 

SUMMAET 

1. The great variations in the results obtained with different 
cows show that drug administration can not be relied on to 
favorably influence the yield of milk or butterfat, 

2. The only result of much significance obtained was the 
marked decrease in fat yidd and percentage of fat induced by 
the castor oil. 
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3. The aloes-rhubarb mixture was the only material admin- 
istered which produced an increase in fat percentage with 
every cow. The high average increase obtained here, however, 
is probably due to the fact that one cow went off feed and 
decreased greatly in milk production. 
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NECESSARY RECORDS IN MILK COST ACCOUNTING* 

OSCAR ERF 

Ohio State University, Columbus, Ohio 
DIRECTIONS AND EXPLANATIONS 

In securing costs it must be remembered that the figures are 
of no value imless they represent complete costs. The omission 
of part of the items or failure to charge them correctly renders 
the account valueless. 

In figuring costs of the dairy, the accounts should be divided 
into three groups: (1) The bull account; (2) the young stock 
account; and (3) the producing herd account. 

The bull account is finally charged to the young stock account. 
For illustration: It costs $125 to keep a herd sire for one year. 
If there are twenty calves then each calf will cost $6.25. This 
will check off the bull account and place it in the young stock 
account, which in turn is finally transferred to the producing 
herd accotmt. For illustration ; Add to the cost of $6.25 for serv- 
ice, a cost of $106 for feed, labor and other costs for two years 
and we have $112.25 which represents the total cost of the calf. 
The heifer is now charged as a cow to the producing herd at 
$112.25, thus wiping out the young stock account so that all of 
expenses are finally carried by the producing herd. 

COST ACCOUNT OF THE PRODUCING HERD 

This accoimt embraces all cows that have freshened in addi- 
tion to the dry cows, but does not include heifers or other cows 
not used for milk production; 

This accoimt if not taken according to the individual cow’s 
time should be prorated according to the number of cows in 
the herd. 

'This T^ort on records in cost accounting was given by Professor Oscar 
Erf before the Products Section of the American Dairy Science Association, 
October 11, 1920. — Editob. 
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In case labor is included in any of tbe items, such as throwing 
down hay for the entire herd, a proportional share of the time 
should be charged to the producing herd. Example: If fifteen 
minutes are required to throw down hay for the entire herd and 
one-third is used for the young stock and the bull, then ten 
minutes of this time should be charged to the producing herd. 

In figuring costs transportation from the farm to the shipping 
point of destination, should not be included in the producing 
herd account. Milk shoxild always be figured on the basis of 
cost at the farm. 

The cost account is divided into two di\'isions: (1) The Earn- 
ings, (2) The Expenses. 

The earnings are grouped under three heads: (1) Milk, (2) 
Calves, (3) Manure. 

The earnings are determined by weighing the milk of the 
individual cow; estimating the value of the calf at four days of 
age, or at its actual sale value if sold; and estimating the value 
of the manure. 

The expenses are grouped under three heads: (1) Feed, (2) 
Labor, (3) Overhead or Other Costs. 

The expenses are determined by adding the cost of feed, labor 
and overhead or other costs. 

EXPENSES 

(f) Feed 

1. Feeds fed to stock should be priced at the purchase price 
laid down in the bin at the farm. This includes the cost of the 
feed plus the unloading and hauling charges and the interest on 
the investment. Or, if the feed is purchased, it should be valued 
at the farm sale value (meaning market value less cost of market- 
ing, transportation, storage and collection charges) computed 
when fed. 

2. Feeds having no sale value are to be figured on the cost of 
production. 

3. Silt^e is valued on the value of standing corn, plus the cost 
of siloing, plus the interest upon the silo, wear and tear, and 
depreciation. 
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4. Permanent pasture should be charged in accordance with 
the principal used in determining land charges, or it may be 
replaced value of the average price of farm feeds to produce a 
similar quantity of milk and butterfat. 

5. Crops that are continually harvested and have a sale value 
should be charged against the livestock at the farm value less the 
cost of harvesting. 

6. Interplanted crops which cannot be harvested should 
when pastured be charged at the cost of production unless they 
have a local sale value as pasture. 

7. Crops grown primarily for harvesting but pastured inci- 
dentally should be charged either at the local rate for such pasture 
or at the value less the cost of harvesting or any reduction in 
the yield due to grazing or the value of feed replaced by pasture. 
If the grazing results in no apparent reduction of yield and there 
is no local sale price for such pasture, the charge should be that 
of other feeds replaced. 

8. Crop residue and crop waste left in the field should be 
charged at the local farm value. If no such value exists charge 
should be the value of other feeds replaced. The same rule 
should apply to crops grown for greater maturity but grazed 
incidentally. 

(2) Labor 

Any self respecting farmer should include in the costs of pro- 
duction the proper number of hours required to do the work and 
should charge it at the current price per hour. If the producer 
charges his labor at 20 cents an hour when the current price is 
30 cents an hour, he is rendering his account valueless. 

1. Milking. This includes the time required for driving the 
cows from the paddock or yard near the bam, into the bam; 
stanchioning them and tying them; getting the Utensils such as 
milk pails, cans, etc.; rinsing them preparatory to milking; 
cleaning the cows at milking time; washing the udder; spraying 
for flies; milking the cows; releasing them from the stanchions 
alter milking and taking the milk from the cooler. 

2. Milking machines. When milking machine are used, in 
addition to the items listed in the paragraph {flKtve are the prepa- 
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ration of the milking machine; starting of the gasoline engine 
or motor; oiling the engine; and rinsing the machine before and 
after milking. 

3. Daily hours for feeding. This includes the time required 
in taking the hay from the mow or from the stack; gathering 
soiling crops daily from the field and any feeds which have no 
market value; grinding the hay or shredding the stalks; and 
preparing feed in any manner at the time of feeding. If stalks 
are gathered from the field, shredded or cut and put in the barn 
at one operation, the labor should be charged to the value of the 
stalk. This also includes removing the silage from the silo and 
feeding it to the cow; and in case it is mixed with the grain, the 
time required to mix it. 

4. Mixing and feeding grain. This includes the time required 
to take grain from the bins or cribs, shelling or grinding, soaking 
or in any manner preparing these grains and feeding them. It 
also includes mixing, salting, condiments, etc. If the grain is 
ground at the mill, the grinding should be charged to the price 
of the grain, as should also the proportional time for hauling 
grain to and from the mill and putting it back into the bin. 
Purchased grains are charged at cost price at the times the bags 
are emptied or the grain is in the bin. The labor of hauling the 
grain from the place of purchase should be charged to the cost 
of the feed, but time required for mixing and feeding is charged 
under this item. 

5. Watering cows. This includes the time required to drive 
cows to and from the watering place when necessary; labor re- 
quired to pump water or time to care for and start engines for 
pumping purposes; time to start heaters and care for them; 
cleaning troughs or water devices, etc. 

6. Driving cows to and from pasture. This includes getting 
the cows from the pasture and living them into a paddock or 
open court near the barn, and driving them back to the pasture. 

7. Cleaning stables, bedding and currying cows. Cleaning 
stables has reference to the daily cleaning and delivering the 
manure to the pit, wagon, spreader, or depositing in a convenient 
place where it can be hauled to the field; sweeping stables or 
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feed alleys; sweeping down cobwebs and cleaning the walls; 
whitewashing or disinfecting the stable; cleaning out the gutters 
or drains; hauling and distributing bedding; currying, cleaning, 
clipping, disinfecting and grooming cows; cleaning yards or 
paddocks; and spreading straw in the yards. 

8. Washing utensils and care of milk. This includes assem- 
bling and preparation of the cooler wherever necessary or assem- 
bling and preparation of the cream separator; time for pumping 
water; care and starting of engines, motors and pumps for cool- 
ing milk and pumping water; taking ice from the ice house and 
icing milk; rinsing the cooler or separator; cooling the milk; 
stopping engine; dissembling and washing cooler or separator; 
starting fires to heat water for washing utensils; and temporary 
repairing of utensils. In case a milking machine is used it is 
rinsed in the stable and time should be included for oiling the 
machine, washing, scalding and disinfecting it. 

9. Hitching up horses and hauling milk. This includes the 
time required to hitch up a horse; prepare wagon or truck; load- 
ing and unloading of milk; time for hauling to the nearest sta- 
tion; unhitching the horse; unloading the empty cans; and 
proper preparation of cans and can covers or insulators, used 
for hauling the milk. 

10. Miscellaneous items. This includes the time for taking 
care of sick cows as at the time of calving; milking them until the 
time when the milk is fit for consumption; greasing and massag- 
ing the udder, as in case of gargot, abortion or milk fever; pre- 
paring them for service and driving them to and from the breed- 
ing pen. 

11. Superintendence and clerical. This includes time necessary 
to buy feeds; buy and sell cows to supply the dairy; buy and 
install equipment; repair equipment; clerical work; marketing 
milk; figuring rations; attending meetings; corr^pondence; ac- 
counting; and all superintendence and clerical work necessary to 
the dairy. 

12. Unproductive labor. This includes all waste labor which 
is necessary in the operation of milk production, such as loas 
of time due to weather conditions; time lost due to breakage; 
imavoidable delay, etc. 
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13. Horse labor. This includes the actual labor of horses used 
for bringing the feed into the stable, or in some instances hauling 
soiling crops from the field. When a horse is used for hauling a 
large amoimt of feed from the elevator for instance, this should be 
charged to the cost of the field. This is also true when hay is 
brought in from the farm and put into the mow in large quanti- 
ties during haying time. But if the hay stack is located in the 
field and daily supply brought in to the cows, then the cost of 
horse labor must be charged. If hay or other roughage is pur- 
chased off from the farm, then the cost of horse labor must be 
charged to the cost of the feed and the value of the feed will be 
the price paid for it, plus the cost of hauling. Time required 
for horse labor in delivering milk or gathering the cans daily, 
or in case of cream production, for delivering the cream, is included 
in this item. If delivery is done by automobile, then a charge 
should be made on the basis of commercial rates for hauling, as 
determined by current prices in the community. Any labor, 
such as driving to and from towns for emergency, such as medi- 
cines, repairs, etc., included under this item. 

14. Transportation expenses. This includes all expenses in- 
curred in operating trucks, automobiles, etc., for purposes ex- 
plained under horse labor. 

{2) Other Costs 

1. Inventories. The first item under other costs is inventories 
and this is divided into buildings chargeable to the dairy; equip- 
ment chargeable to the dairy; and dairy cattle. The inventory 
is estimated at the beginning and at the end of the year. The 
valuation should be placed on the total buildings and equip- 
ment and due allowance made for the non-producing portion of 
the herd. Rise in price of material in buildings and equipment 
should be taken into consideration and should be prorated on 
the producing herd. The depreciation must be determined 
according to the inventory and extreme market prices cannot be 
taken into consideration, but must be set aside in a separate 
accoimt. For illustration: A man values his cattle at $150 
each, but at the end of the year due to sudden increase in value 
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of cattle, he sells a number of them for $300 each and values the 
remainder at the same amoimt. A substantial increase may be 
made on the old inventory; however, a sudden rise must be charged 
to the profit and loss account. Tlje same is true when there is 
a sudden reduction in price. 

2. Current expense. This includes all expenses in the care of 
the producing herd and whenever it involves other cattle or 
horses, a proportional share is charged to the producing herd. 

3. Cost of repairs. This includes all nominal repairs but not 
extensive repairs, as when the wind takes the roof from the barn. 
Under such conditions an insurance rate should be charged and 
repairs should be made from the fund set aside for insurance. 
If no insurance has been provided then the entire cost of repair 
mxist be charged to that year’s milk, but there is injustice in this 
method in that it shows an abnormally high cost for that partic- 
ular year. An insurance rate should be charged on all items 
possible. 

4. Cost of repairs on equipment. The same principal holds 
true in the case of equipment as with repairs on buildings. All 
extensive repairs on equipment should be charged to insurance. 

5. Insurance. This should include insurance against fire and 
storms on all buildings. Insurance on equipment should include 
accident insurance. Insurance on cows should include insurance 
against death and benefit insurance as well. That is, if a cow 
loses a quarter her value is greatly reduced and the amoimt of 
depreciation should be covered by insurance. Insurance should 
be carried against contagious abortion and other diseases. The 
State provides a special insurance against tuberculosis but in 
many cases this does not cover the entire loss, so a fund should 
be set aside for this insurance. Likewise insurance should be 
carried against depreciation by age. 

This is sometimes termed d^reciation of cattle but it embraces 
the actual valuation of the natural decreases. Such insurance ' 
should be carried on an animal even though she appreciates in 
value, for her value appreciates from the time she is two yea« 
old until she is five or six and depreciates after she is nine or 
ten years old. The period of usefulness is rather hi^ unless 
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insurance is carried on depreciation. Usually a charge of 14| 
per cent is made for insurance. 

6. Method of determining the inventory. Add the items in the 
inventory at the beginning of the year and add the items in the 
inventory at the end of the year. Add the credits and all items 
purchased. Add the credits to the inventory at the end of the 
year. Subtract the items purchased during the year from the 
inventory at the end of the year and the difference will be the 
true inventory of the old material at the end of the year. To 
find the depreciation, subtract the true inventory of the old 
material at the end of the year from the inventory at the begin- 
ning of the year and divide the difference by the inventory at the 
beginning of the year. This will give the per cent of depreciation. 

For illustration: There are six milk cans on the farm at the 
beginning of the year, valued at $2 each, making a total inven- 
tory of $12 at the beginning of the year. During the year two 
of these are discarded; one sold for $2 and then new ones bought 
at $6 a can. At the end of the year the old ones are valued at $1 
each, making the totid value of the milk cans $21. Twelve 
dollars is the inventory at the beginning of the year and $21 the 
inventory at the end of the year. Add the credits — $2 — and 
subtract $18 and there is a balance of $2, the amount of deprecia- 
tion on cans. Divide by 12 and the per cent of depreciation which 
in this case is 41, is determined. 

To find the inventory of the cows, add the inventories at the 
beginning of the year and at the end of the year. Add the values 
of the cows sold. Add the values of cows purchased. Add values 
of cows sold to the inventory at the end of the year; then subtract 
the value of the cows purchased. This will give the true inven- 
tory at the end of the year. 

In valueing cows no extreme values are permitted. That is, a 
heifer may be appreciated naturally, but the appreciation must 
not be so great that it will show fictitiotis credits and lower the 
price of milk. The appreciation of the heifer must be taken 
care of from the fact that the heifer requires an extra amount of 
feed and a lesser amount of imlk is produced for the feed consumed, 
than the mature cow. This loss can be made up by appreciation. 
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An 3 rthing in excess of this will reduce the price of milk. How- 
ever, cows must be depreciated on their actual decline in value 
after they have reached the age of maturity which is usually 
five years. 

THE PRODUCING HERD ACCOUNT 

This differs from the individual cow accoimt in that it requires 
less labor and is for the fanner who does not keep a detailed 
account of his cows. This simplifies the work and is for the 
purpose of determining the cost of 100 pounds of milk. 

In this case the earnings include the milk sold plus the milk 
used on the farm, the calves and the manure. 

The expenses are determined for the entire herd. 

The cost of 100 pounds of milk is determined by adding the 
estimated value of the manure and the calf, subtracting this 
amount from the total expenses and dividing the difference by the 
pounds of milk sold plus that used on the farm. 

For illustration; A man has ten cows and his expenses for one 
month are $200. Eight calves were bom during the year with 
an estimated value of $40. The estimated value of the manure 
is $120, making a total value of $160 for the year or $16.67 for 
one month. Subtract $16.67 from $200, the total expense and 
there is left $183.33. Five thousand pounds of milk were sold 
and 1000 pounds used on the farm, making a total of 6000 
pounds of milk. Divide $183.33 by 60 (60 hundred pounds) 
and the result is $3.05 or the cost of producing 100 pounds of milk 
on the farm. 

If, however, cows are pastured, then manure shall be determined 
on the basis of actual production. For illustration: When cows 
are on pasture, the manure value is taken into consideration when 
estimating the value of the pasture; hence, during that month no 
credit ^all be made for the manure. During the winter when 
all the manure is collected, full credit should be ^ven for the 
manure. 



FACTORS AFFECTING THE TOTAL BUTTER-FAT 
CONTENT OF COWS’ MILK DURING A 
PERIOD OF TWO DAYS 

W. M. REGAN AND S. W. MEAD 

Dairy Department, New Jersey Agricultural Experiment Station, New Brunswick, 

New Jersey 

In the supervision of advanced registry tests the New Jersey 
Agricultural Experiment Station requires that its supervisor 
shall see that each cow is “milked dry” at the milking preceding 
the test period. The supervision of this preliminary milking 
costs the breeders of pure-bred dairy cattle in New Jersey 
approximately $2500 each year. 

The breed associations and some of the breeders have raised 
a question as to the necessity of the preliminary milking as a 
measure in the safe-guarding of the honesty and accuracy of the 
test. At the last meeting of the Dairy Science Association it 
was found that out of eleven states, seven require no preliminary 
milking, two leave the matter to the discretion of the superin- 
tendant of advanced registry of the state, and only two require 
a preliminary milking. It is their claim that thoroughness of 
milking would not be a factor affecting subsequent tests and con- 
sequently, the expense is a needless one. It was for the purpose 
of obtaining information on this point that the following out- 
lined experiment was planned. 

OUTLINE OP EXPERIMENT 

The experiment involved the use of four cows in the college 
herd, two Holsteins, one Jersey, and one Ayrshire. The animals 
wwe selected, so far as possible, with regard to vmifonnity of 
stage of lactation and gestation, age and quantity of milk pro- 
duced. 

The feeding, housing and general care of the animals did not 
differ from that of the college herd. 

405 
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Accurate account was kept of all feed consumed by each of 
the animals. Weight, height at withers and heart-girth measure- 
ments were taken every thirty days in order to have a check in 
case of any difficulties arising during the experiment. The 
cows were milked dry twice daily for six days. On the morn- 
ing of the seventh day only half of the milk was drawn and during 
the four subsequent milkings the cows were again milked dry. 

Samples were taken at each milking and tested for butter- 
fat. In this way it was possible to obtain an accurate compari- 
son between the average butter-fat test before and after the 
partial milking. This proceedure was repeated twenty-seven 
times with the foiu* cows. 

It will be noted that tables 1, 2, 3 and 4 do not give the data 
for every day through-out the experimental period, but only 
for the milkings which have a direct bearing on the results of the 
trials and only for those trials in which approximately half of the 
milk was drawn during the milking at which such a procedure 
was planned. At the beginning of the experiment, milking 
machines were used but it was found difficult to calcffiate the 
point at which half the milk had been drawn. For this reason 
it was found advisable to use only hand milking and one man 
was placed in charge of the animals. In this way more careful 
attention was given to the milking. This man also did all of the 
testing thereby eliminating so far as possible any chances of error 
which might arise through different methods of conducting the 
Babcock test. 


PKESENTATION OF DATA 

Table 1, 2, 3 and 4 show the pounds of milk produced, the 
per cent of butter-fat and the pounds of butter-fat produced by 
each cow during the four mil^ngs immediately preceding the 
partial milking, for the partial milking and during the four 
milkini^ immeffiately following the partial milking. Tables 
5 and 6 were derived from tables 1, 2, 3 and 4 and show more 
clearly the result of the partial milking. 
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TABLE 1 

Cow 416; record of milk and hutter-‘fat produced and percent of fat 

Milk 


MILKIKO 

FXBRUABT 

10-12 

FBBRUARY 

24-26 

MARCH 

3-5 

MARCH 

10-12 

MARCH 

17-19 

MARCH 

24-26 

MARCH 31- 
APR1L2 

Preceding period 


1 pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

p.m. 


8.4 

8.2 

6 5 

9.5 

7 7 

7.00 

a.m. 

11.2 

9.0 


9 5 

10.5 

10.0 

8.70 

p.m. 

9.2 

8.7 

7.6 

9.0 

8.8 

7.2 

6 60 

a.m. 

11.5 

9.1 

9 6 

9.4 

9.8 

8.5 

9.70 

Average, . 

10 2 

8.8 

9.0 

8.6 

9.7 

8.4 

8.00 




Partial milking 





riBRU- 
ART 13 

FBBRn- 

ART 27 

MARCH 0 

MARCH 13 

MARCH 20 

MARCH 27 

APRIL 3 

a.m. 

7.1 

5.5 

4.9 

4.8 

5.0 

5.5 

5 20 


Post period 



rr BRIT ART 

13-15 

februart 
27-march 1 

MARCH 6-8 

MARCH 

13-15 

MARCH 

20-22 

MARCH 

27-29 

APRIL 3^ 

p.m. 

9 6 

10 0 

12.6 

14.5 

12 0 

9 5 

14.1 

a.m. 

12.4 

8 5 

7 8 

9 0 

9.7 

9.1 

10.2 

p.m. 

9 2 

7.4 

8 0 

9.2 

8 6 


8 2 

a.m 

11,0 

8.0 

8 7 

10.6 

12.4 


10 0 

Average. . 

10 6 

8.5 

9.3 

10.8 

10.7 

8.2 

10.6 

Percent fat 


rBBRtTART 

10-12 

FEBRUART 

24-26 

MARCH 3-5 

MARCH 

10-12 

MARCH 

17-19 

MARCH 

1 24-26 

MARCH 31- 
APR1L2 


Preceding period 



psr esnt 

1 per cent I 

per cent 

percent 

1 per cent 1 

per cent 

percent 

p.m. 

4.65 


4.78 

4.95 


4.95 

4.60 

a.m. 

4.95 

4.55 

4.45 

4 05 

4.60 

3.90 

4 28 

p.m. 

5.75 

5.40 

4,75 



4.55 

4.35 

a.m. 


4.75 

4.25 

4 30 

4.95 

3.80 

4.45 

Average. . 

4.81 

5.15 

4.53 

4.37 

4 69 

4.25 

4.41 


Partial milking 



FBBRU* 
ART 18 

FBBRH- 
ART 27 

MARCH 6 

MARCH 13 

MARCH 20 

MARCH 27 

APRIL 3 

a.m. 

4.28 

3.70 

3.70 

3.90 

3.05 

3.50 

3.35 
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TABIJ; l---Continu€d 
Percent fat 


MILKING 




MABOH 

• 13-15 

MARCH 

20-22 

MARCH 

27-20 

APRIL 3-5 

Post period 

p.m 

3.70 


4 58 

4.33 

4.63 

4.93 

5.15 

a.m. 

5.60 

5 35 

4 48 

5 05 

6.38 

4.58 

5.20 

p.m 

6 05 

4 80 

4.00 

5.13 

4.50 

4.08 

4.55 

a.m. 

4.88 

3.90 

4.33 

4.45 

4.10 

5.20 

4.33 

Average. . 

5.07 

4.79 

4 37 

4.67 

4.62 

4.71 

1 4.85 


Butter^fal production 


FEBRUARY 

FEBRUARY 

MARCH 3-5 

MARCH 

MARCH 

MARCH 

MARCH 81 

10-12 

24-26 

10-12 

17-19 

24-26 

APRIL 2 


Preceding period 



pounds 

1 pounds 

pounds 1 

1 pounds 

pounds 

pounds 

pounds 

p.m. 

0 4185 

mm 

■Bl 




0.3220 

a.m. 

0.5544 

mSm 

mm 

0 3847 


0 3900 

0 3723 

p.m. 

0 5290 

mEm 

m 


0.3784 

0 3276 

0 2871 

a.m. 

0 4657 

mm 

0.4080 

0.4042 


0 3230 

0.4316 

Average. . 

0.4919 

! 0.4538 

0.4093 

0 3702 

0.4530 

0.3554 

0.3532 


Partial milking 



FEBRU- 
ARY 13 

FEBRU- 

ARt27 

MARCH 6 

MARCH 13 

MARCH 2(1 

MARCH 27 

APBIL 3 

a.m. 

0.3038 

0.2035 

0.1813 

0.1872 

0.1525 

0.1926 

0.1742 


Post period 



nSBSOAST 

13-U 

FEBRUARY 

27-MAROB 1 

MABOH 6-8 

MARCH 

13-15 

MARCH 

20-22 

MABOH 

27-20 

APRIL 8-5 

p.m 

0.3552 

0.5050 

0.6770 

0.6278 

0.5556 

0.4683 

0.7261 

a.m. 

0.6044 

0.4547 

0.8494 

0.4545 


0.4167 

0.5804 

pm 

0.6566 

0.3662 

0.3200 

0.4719 


0.2856 

0.8731 

a.m. 

0.5368 

0.3120 

0.3767 

0.4717 

0.5084 

0.3640 

0.4330 

Average.. 

0.5357 



0.5064 

0.4932 

0.3836 

0.5166 
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TABLE 2 

Cow $2^; record of milk and hutfer-fat produced and percent of fat 

Milk 


1 

MILKING 

FEBRUARY 

10-12 

FEBRUARY 

24-20 

MARCH 3-^ 

MARCH 

1 10-12 

MARCH 

17-10 

MARCH 

24-26 

MARCH 31- 
APRIL 2 

Preceding period 


pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

p m. 

8.9 

7 4 

8 4 

8 0 

6 5 

7.5 

7.00 

a.m. 

10.9 

9 5 

10 1 

9 2 

9 3 

10.0 

10.00 

p m 

8 8 

7 0 

7 8 

8.5 

7.0 

7.6 

6.60 


11 5 

9 3 

9 7 

8 7 

9 5 

10.5 

10.30 

Average. . 

10.0 

8 5 

9.0 

8 5 

8 1 

8 9 

8.4 

Partial milking 

1 

FEBRU- 
ARY 13 

FFBRU- 

ARY 27 

MARCH 6 

MARCH 13 

MARCH 20 

MARCH 27 

APRIL 3 

a rn. j 

5 6 

G 0 

5 2 

4 8 

4 5 

9 3 

5.2 


Post period 



FEBRUARY 

13-16 

FEBRUARY 
27 -MARCH 1 j 

MARCH 6-8 

MARCH 

13-15 ; 

MARCH 

20-22 

MARCH 

27-29 

APRIL 3-5 

p.in. 

12 2 1 

10 0 i 

11 5 

12 8 

13 5 

9 1 

12.0 

a.m. 

9 0 

10 0 

8.5 


8.7 

10 4 

9 8 

p.m 

8.3 

7 5 

7 3 

8 2 

8 3 


7.5 

a m. 

10.4 

10 2 

8 9 

8.4 

10 2 


10 6 

Average. . 

10.0 

9 4 

9.1 

9.4 

10 2 


9 9 


Percent fat 



FEBRUARY 

10-12 

FEBRUARY 

34-26 

March 3-6 

MARCH 

10-12 

MARCH 

17-19 

MARCH 

24-26 

MARCH 31- 
APRIL 2 

Preceding Period 


1 TMf esni 1 

1 per cent I 

per cent 

I per cent I 

per cent 

per cent 

per cent 

p.m 



4 88 

Ba 

4 85 

5.05 

4.63 

a.m. 



4.70 

msm 

4.60 

4.60 

4.78 

p.m. 

4.93 

5.25 

5 33 

4.70 

4.68 

4.83 

4.73 

a.m. 

4.83 

5.00 

4.80 

5.15 

4.68 

4.63 

4.4S 

Average . 

4.94 

5.15 

4.90 

4.84 

4.69 

4.76 

4.64 




Partial milking 





FEBRU- 
ARY 13 

FEBRU- 
ARY 27 ! 

MABOB 6 

MARCH 13 

MARCH 20 

MARCH 27 

APRILS 

a.m. 

3.85 

3.90 

4.00 

3 75 

2 28 

2 80 

3.28 
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TABLE 2 — Continued 

Percent fat 


MILKIIfa 

1 VKBItUABT 

1 13-15 

rUBBUART 
27-UABCH 1 

i 

iiABoa 6-S 

MARCH 

13-16 

MARCH 

1 20-22 

MARCH 

27-29 

1 afrilS-O 




Post period 




p.m. 

6.00 

5.70 

5.30 

4.70 

5.40 

4,70 

5.85 

a*m. 


5 80 

5.43 

5.55 

5 35 

5.10 

5.45 

p.m. 

Ha 

5.20 

5.08 

5.90 

4.40 

4.75 

4.90 


4.78 

4 95 

4.78 

5.40 

4.65 

5.05 

4.78 

Average.. 

5 51 

5 42 

5.15 

5 30 

4.99 

4.92 

5.28 

Butter-fat production 


F1BBBUA.RT 

10-12 

FEBRUARY 

24-26 

MABCB 3-5 

MARCH 

10-12 

MARCH 

17-19 

MARCH 

34-26 

MARCH 81- 
APBIL 2 


Preceding period 



pounda 

pounda 

pounda 

pounda 

pounda 

pounda 

pounda 


0.4450 

0.3811 


BBI 

mSm 

0.3787 

0.3241 


0 5504 

0.4987 


BIB 

warn 

0.4600 



0.4338 



0.3995 

0.3276 

0,3670 


a*m. 

0.5554 

Bl 

0.4656 

0.4480 

0.4446 

0.4861 

021 

Average. . 

0.4961 

0.4359 

0.4414 

0.4167 

0.3788 

0.4229 

0.3939 


Partial milking 



FEBRU- 
ARY 13 

FEBRU- 

AltT 27 

MARCH 6 



MARCH 27 

APRILS 


0.2156 








Post period 



FBBBUARY 

13-16 

FEBRUARY 

27-mabgb 1 

MARCH d-S 

MARCH 

18-15 

march 

2a-22 

MARCH 

27-29 

AF1UL8-6 

p.m. 

0.7320 

0.5700 

,0.6095 


0.7290 

0.4277 


a.m. 

0.5445 

0.5800 

0.4615 


0.4654 

0.5304 


p.m. 

0.4257 

0.3900 

0.3708 


0.3652 

0.3467 

0.3675 

a.m. 


0.5049 

0.4254 

0.4536 

0.474S 

0.5565 


Average. . 

0.5498 

0.5112 

0.4668 

0.4957 



0.627S 
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TABLE 3 

Cow 71; record of milk and hutler-fat produced and percent of fat 

Milk 


MILKING 

FEBBOABT 

10-12 

rSBRUAitr 

24-26 

MARCH 3 5 

MARCH 

10-12 

MARCH 

17-19 

MARCH 

24-26 

MARCH 31* 
APRIL 3 

Preceding period 


poundt 

pounds 

pounds 

pounds 

pounds 

pounds 

po nd» 

p.m. 

14.4 

12.1 

13 8 

13.8 

13 7 

11 8 


a.m. 

16.0 

14 4 

17 0 

17 0 

17 4 

16.5 

17.2 

p.m. 

13.8 

12 3 

13 9 

14 7 

12.7 


13.4 

a.m. 

17.8 

13 5 

17 1 

16 5 

17.0 

16 5 

17.2 

Average. . 

15 5 

13 0 

15 4 

15.5 

15 2 

14 7 

15.2 


Partial milking 



PSBRU- 

ARl 13 

PBBRU- 

ART 27 

MARCH 6 

MARCH 13 

MARCH 20 

MARCH 27 

APRIL 3 

a.m. 

9 0 

11.0 

8 5 

8.8 

7.5 

7.6 

8 6 


Post period 



PEBRCART 

13-15 

FRBRrART 
27-march 1 

MARCH d-'S 

MARCH 

13-15 

MARCH 

20-22 

MARCH 

27-29 

APRIL 0^ 

p.m. 


16.0 

mM 

22 0 


17.0 

19.7 

a.m. 

16.1 

14 0 


15 8 

17.1 

14.7 

19.2 

p.m. 

12 2 

11.4 

14.4 

15 6 

14.1 

12.6 

13.6 

a.m. 

16 9 

18.1 

16 5 


18 0 

17.9 


Average. . 

13 8 

14 8 

16.5 

17 7 

17.5 

15.5 

17.5 


Percent fat 



PEBRTTART 

10-12 

FBBBtTART 

24-26 

MARCH 3-6 

MARCH 

10-12 

MARCH 

17-19 

MARCH 

24-26 

MARCH 31- 
aprxl2 

Preceding period 


psreent \ 

psrcsnt 

percent 

per cent 

1 percent 

per cent i 

percent 

p.m. 

3.60 

3 30 

2 98 

3 10 


3.48 

3.30 

a.m. 

3.63 

3.50 

3.03 

2.83 


2.83 

2.83 

p.m. 

3,46 

3 60 

3.48 

3.20 

3,15 

3.33 

3.45 

a.m. 

3.50 

3.45 

3.18 

2.80 

3,18 

2.83 

3.10 

Average.. 

3.54 

3.46 

3,16 

2 96 

3.14 

3.07 

3.14 

Partial milking 


VBBBU- 
ART 18 

PEBBU- 
ART 27 

MARCH 6 

MARCH 13 

MARCH 20 

MARCH 27 

abbilS 

a.m. 

2.70 

2.50 

2.45 

2 33 

1.65 

1.95 

2.20 
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TABLE Z'— Continued 


Percent fat 


MILKING 

FKBBT7AST 

1 12-15 

1 FEBRUABT 

1 27-MARCB 1 

MABCB 6-^* 

MAROB 

13-15 

1 MARCB 

1 20-22 

1 MARCH 

1 27-29 

1 APRIL 8-5 




Post period 




p.m. 


3.75 

3.50 

3.45 

3.85 

3.83 

3.20 

a an. 


3.48 

2.80 

3 28 

3.30 

3.50 

3.20 

p.m. 

3 65 

3.35 

3 65 

3.30 

3.05 

3.50 

3.06 

a.m. 

3,40 

3.00 

3 15 

3.15 

2.78 

3.78 

2.78 

Average.. 

3.59 

3 38 

3 28 

3 30 

3.27 

3.67 

3.06 


Butter -fat production 


FFiBRUART 

FEBRCABr 

MARCH 3-6 

MARCH 

MARCH 

MARCH 

MARCH 31- 

10-12 

24-26 

10-12 

17-19 

24-26 

APRIL 2 


Preceding period 


p.m. 

a.m. 

p.m. 

a.m. 

pounds 

0 6184 

0 6808 

0 4761 
0.6230 

pounds I 

0.3993 1 
0 5040 
0.4428 
0.4657 

pounds 

0 4112 
0.5151 
0.^837 
0.5437 

pounds 

0.4278 ' 
0 4811 
0.4702 
0.4620 

pounds 

0.4425 

0.5307 

0.4000 

0.5406 

pouruls 

0.4106 

0.4669 

0.4662 

0.4669 

pounds 

0.4290 
0 4867 
0.4623 
0.5332 

Average. . 

0 5495 

0.4.529 

0.4884 

0.4602 

0.4784 

0.4526 

0.4778 


Partial milking 



FRRRC- 
ART 13 i 

FRBRV- 
ART 27 

MARCH 6 

MARCH 18 

MARCH 20 

MARCH 27 

APRILS 

a.m. 

0.2430 

0.2750 

0.2082 

0.2050 

0.1237 

0.1482 

0J892 


Post period 





MARCB 6-8 

MARCH 

13-15 

march 

20-22 

MARCH 

27-20 

APRIL 3-5 

p.m. 

0.3383 

0 6000 



0.8008 

0.6511 

0.6304 

a.m. 

0.6440 

0.4872 



0.5643 

0.6145 

0.6144 

, p.m. 

0.4331 

0.3819 

0 5266 

0.5148 

0.4300 

0.4410 

0.4148 

a.m. 

0.5746 

0.5430 

0 6197 

0.5544 

0.5004 

0.6766 

0.4802 

Average.. 

0.4971 

0.6029 

0.5432 

0.5866 

0.5738 

0.5708 

0.5372 
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TABLE 4 

Cow 69; record of milk and butter-fat produced and percent of fat 


Milk 


MILKING 1 

FKBRT7ABT I 
1 10-12 

rSBRUART 

24-26 

MARCH 3-5 

1 MARCH 10-12 1 

j MARCH 17-19 1 

1 MARCH 31- 
APRIL 3 



Preceding period 





poundi 

pounds 

1 pounds I 

1 pounds I 

pounds 

j pounds 

p.m. 

11 5 

10 7 



9.9 


a.m. 

12 5 

13 0 

12 6 


12. G 

11.8 

p,m. 

11 0 

10 8 


10 0 

9.1 

9.2 

a.m. 

13.7 

12.0 

12 8 

11.8 

12.5 

msm 

Averace 

12.1 

11 6 

11 5 

11 0 

11 0 

10.7 


Partial milking 



FEBRrARY 13 

FEBHITABT 27 

MARCH 6 

MARCH 13 

MARCH 20 

APRIL 3 

a.m. 

7.7 

10.2 

6 3 

65 

6.1 

6 3 

Post period 

i 

FEBRUARY 

13-16 

PBBRUART 

27-marcb 1 

MARCH 6-3 

MARCH 13-15 

MARCH 20-22 

APRIL 3-5 

1 

p.m. 

10 3 

11.0 

12 6 


12.4 

7.9 

a.m. 

12 6 1 

12 3 

11 2 

11.6 

11.6 

12.6 

p.m. 


10 2 

9 8 

11.6 

10.4 

9.5 

a.m. 

12 5 

13 4 

11 5 

12.2 

12.3 

11.6 

Average 

11 3 

[ 11.7 

11 2 

12.2 

11.6 

10.4 

Percent fat 


rBBRUART 

10-12 

BBBRUART 

24-26 

.march 3>5 

MARCH 

10-12 

MARCH 

24-26 

MARCH 31- 
APRILS 


Preceding period 



por cent 

per cent 

per cent 

per cerU 

1 or cent 

percent 

p.m. 



3.95 

4.03 

3.85 

4.50 

a.m. 



3.60 

3.80 

3.75 

3.85 

p.m. 


4 20 

4 20 

3.90 

3.80 

3.90 

a.m. 

4,05 

4.10 

4.05 

3.88 

3.83 

3.9S 

Average 

3.94 

3.98 

3.93 

3.89 

1 3 80 

3.92 

Partial milking 


rlBBKUART 13 

rSiBRVART 27 

MABCH 6 

1 

MARCH 13 

MARCH 20 

APRILS 

a.m. 

2.60 

3.20 

2.55 

2.88 

2 40 

2.80 
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TABLE 4r-Continued 
Percent fat 


IflLKmO 1 

1 rSBBUABT 1 
1 13-15 

FEBBTJABY 
27-IIABCH 1 

MABCB6-e 

1 MABCH 13-15 

1 MARCH 20-22 

1 APRIL S-5 



Post period 




p.m. 

3.88 


6 00 

4 70 

5.15 

5.60 

a.m. 

4.45 


4.25 

4.18 

3.90 

4.85 

p m. 

4.20 


4.70 

4.70 

3.78 

3.78 

a.m. 

3.90 

4.00 

4.30 

3 83 

4.05 

4.10 

Average 

4.11 

4 21 

4.57 

4.35 

4.24 

4.53 

Butler-fat 'production 

1 

rXBBCABT 

10-12 

FEBRUABT 

24-26 

MARCH 3-5 

MARCH 10-12 

1 

MARCH 17-16 

MARCH 31- 
APRIL 2 


Preceding period 



pound* 

1 pound* 1 

1 pound* 1 

pound* 

pound* 1 

pound* 

p.m. 

0.4485 



0.4231 

mmm 

0.4090 

a.m. 

0.4625 

0.5044, 

0 4536 

0 4560 


0.4519 

p.m. 

0.4543 

0.4536 


0 3900 

0 3458 

0 3588 

a.m. 

0.5548 

0 4920 

0 5184 

0.4578 

0.4787 

0.4740 

Average 

0 4800 

0.4636 

0 4527 

0.4317 

0.4195 

0.4234 


Partial milking 



PEBRUABT 13 

TBBRUABT 27 

MABCH 6 

MABCH l4 

MARCH 20 

APRILS 

a.m. 

0 2002 

0 3264 

0.1606 

0 1872 

0.1464 

0.1764 


Post period 



FEBRUARY 

13-15 

FEBRUARY 
27-MABCH 1 

MARCH 6-8 

MARCH 13-15 

MARCH 20-22 

APRIL 3-5 

p.m. 

0 3996 

0.4950 

0 6300 

0.6345 

0.6386 

BSI 

a.m. 

0.5607 

0.5202 

0.4760 

0.4848 

0.4524 

mmm 

p.m. 

0.4200 

0.4233 

0.4606 

0.5452 


IBI 

a.m. 

0.4875 

0.5360 

0.4945 

0 4672 



Average 

0.4669 

0.4936 

0.5152 

0.5329 

0.4955 

0.4720 
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TABLE fi 


Showing differences between milk and fat production and per cent butter •-fat before 
and after partial milking 


TRIAL NUMBER 

MILK 

FAT 

BUrrCR'FAT 

Cow 416 


pounds 

per cent 

pounds 

1 

+0.4 

+0 26 

+0.0438 

2 

-0 3 

-0 36 

-0.0471 

3 

+0.3 

-0 16 

-0.0036 

4 

+2.2 

+0.30 

+0.1362 

6 

+1.0 

-0.07 

+0.0402 

6 

-0 2 

+0 46 

+0.0282 

7 

+2.0 

+0.44 

+0.1624 

Cow 322 

1 


+0 67 

+0.0537 

2 

+0.9 

+0 27 

+0.0763 

3 

+0 1 i 

+0 25 

+0.0254 

4 

+0.9 

+0 46 

+0.0790 

5 

+2.2 

+0 30 

+0.1296 

6 

+0.6 

+0.17 

+0.0421 

7 

+1 5 

+0.64 

+0.1336 

Cow 71 

1 

-1.7 

+0.05 

-0.0524 

2 

+1.8 

-0.08 

+0.0500 

3 

+1.1 

+0.12 

+0.0648 

4 

+2.2 

+0.34 

+0.1264 

5 

+2.3 

+0.13 

+0.0954 

6 

+0.8 

+0.60 

+0.1182 

7 

+2 3 

-0.08 

+0.0594 


Cow 69 


1 

-0.8 

+0.17 

-0.1031 

2 

+0.1 

+0.23 

+0,0300 

3 

-0.3 

+0.64 

+0.0625 

4 

+1.2 

+0.46 

+0.1012 

5 

+0.6 

+0.44 

+0.0760 

6 

-j).3 

+0.61 

+0.0486 


+ « Increase of post period over preceding period. 
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THE EFFECT ON PEECENT FAT 

The 108 milkings following the 27 partial milkings showed 
an average test of 0.27 per cent -higher than the 108 milkings 
preceding the 27 partial milkings. It will be noticed that during 
some of the trials there was a slight decrease in per cent fat, but 
each of the four animals showed an increase when all of the 
trials were considered. The figures apparently show no prefer- 
ence to breed in that one Holstein made an average increase of 
0.425 in per cent of butter-fat while the other made only 0.154 
increase in per cent of butter-fat. However, the average for 
these two animals was higher than either the Jersey or the 


TABLE e 

Average increase in milk and hutterfat production and per cent fat for each 
individual during seven trials 


COW NUMBBB 

MILK 

FAT 

BOTTKR-FAT 


ptmnia 

per cent 

pcuni* 

69 

0.08 

0 425 

0.0508 

71 

1.25 

0.154 

0.0645 

322 

.88 

0 38 


416 

.857 

0.124 

mBBSM 

Average 

.766 

0 270 

0.0609 


Ayrshire. The increase in the fat percentage shown by the 
Jersey and Ayrshire averaged 0.380 and 0.124 respectively. 

The average increase of 0.27 per cent in fat would not seem 
very large. However, in the case of a cow producing 20,000 
pounds of milk per year this increase of 0.27 per cent would add 
54 pounds to her yearly butter-fat production. During several 
of the trials the increase was far in excess of the average. Table 
5 shows that in one trial there was an increase of over 6 per- 
cent and in 10 others there was an average increase of over 0.53 
per cent. Taking this into consideration the date collected 
would indicate that while the average for all trials was only 0.27 
it would be possible, however, to obtain a much larger increase in 
percent of butter-fat. 
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Graph 1 reveals an interesting feature of the experiment. It 
would be expected that the highest fat percentage would be 
reached at the milking following the partial milking. Graph 
1 shows that this is not alw^ays the case, since out of the 27 
trials there were 12 in which the butter-fat percentage was 

GRAPH NO. I 

sbowiho fat tests befobe and after 

PABTIAI. MILKING 





higher at the second milking than it was for the milking im- 
mediately following the partial milking. 

THE EFFECT ON THE PBODtJCTION OP MILK 

The average milk production for the 108 milkings following the 
27 partial milkings averaged 0.766 pounds more than the 108 
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milking s preceding the 27 partial milkings. The increase is 
very slight when we consider that it was made diiring four milk- 
ings, which would mean an increase of only 0.191 pounds per 
milking. 

The average production of the four cows before the partial 
milking was 10.98 pounds. On the average 3.8 poimds of milk 
were left in the udder of each cow at the partial milking. Since 
there was an increase of only 0.191 pounds of milk it is assumed 
that the rest of the milk was either reabsorbed in the udder or 
that milk secretion was temporarily checked or possibly both 
were factors affecting the four subsequent milkings. 

Table 7 is interesting though possibly not conclusive in view 
of fact that only four cows were used. 


TABLE 7 

Pounds of milk left in udder estimated in per cent of normal production compared 
with the average increase in per cent of fat 


COW NUMBBR | 

1 

AVERAQB 

MILK PRODUCTION 

MILK LEFT 

IK UODBR 

INCRKABB IN PER 
CENT FAT 

MILK LETT 

IN UDDER 


pounds 

pdunda 


per cent 

59 

11 31 

4.13 

0.425 

36.5 

322 

8.77 

2.97 

0 380 

33 8 

71 

14.92 

6.18 

0.154 

41.3 

416 

i 8.95 

3 52 

0.124 

39.3 


According to the figures shown in table 7 the cows which had 
the least milk left in the udder at the partial milking showed the 
hipest increase in percent of butter fat. It would seem from 
this that by leaving too much milk in the udder there would 
not be an increase in per cent of fat but that by leaving a certain 
percentage of milk in the udder the maximum increase would be 
obtained. 

SmiMABT 

It was found possible in this experiment to increase the per- 
centage of butter-fat in milk during a period of two days by 
leaving half of the milk in the udder during the milking prior 
to the two-day period. Although the average increase in per- 
cent of butter-fat was only 0.27, the data collected would seem 
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to indicate that it is possible to get an increase of over 0.5 in 
percent of butter-fat. 

The highest fat percentage was not always reached at the 
milking following the partial milking. Out of the 27 trials 
there were 12 in which the highest fat percentage was reached 
the second milking after the partial milking. 

If in advanced registry work a practice was made of leaving 
a part of the milk in the udder prior to the two day test; our 
figures would indicate that such a practice could not be detected 
by a study of the cows mUk record; since there was an average 
increase of only 0.766 pounds of milk for the period following 
the partial milking. 

The data collected in this experiment indicates that a pre- 
liminary milking is necessary as a measure in the safe-guarding 
of the honesty and accuracy of advanced registry testing. 



YEASTS AND OIDIA IN HIGH-GRADE EXPERIMENTAL 

BUTTEIl 

WILLIAM R. NORTH, JR. and GEORGE F. REDDISH« 

Bureau of Chemistry, United States Department of Agriculture, Washington, D, C, 

In studying butter, Redfield* has proposed a routine micro- 
scopic method of cotmting yeasts and oidia as correlated in some 
degree at least with the quality of the cream used in its manu- 
factime. This method is based upon the examination of the 
cxnd-whey mixture separating out when the sample of butter 
is melted at 45°C, One-cubic centimeter samples of this mixture 
are removed to sterile containers and smears are made by trans- 
ferring 0.01 cc. samples of this mixture to slides with the Breed 
type of pipette, for microscopic study. The results shown in 
table 1 are selected from experiments made to test the accuracy 
of this method. 

These results based on the number of yeasts found in 10 
microscopic fields, check as closely as those usually obtained by 
the oflScial plate method, and therefore indicate that yeasts are 
fairly evenly distributed throughout the butter. Counts of 
this kind, check fairly closely when the totals are high as in these 
samples. Much greater differences occur in successive examina- 
tions of samples containing very low numbers of yeasts. 

These counts were based on niunbers foimd in 100 micro- 
scopic fields. Each cell found was coimted. 

The results indicate that yeasts are somewhat more evenly 
distributed than are the oidia. The mycelial character of 
Oidium lactis tends to result in more uneven distribution of the 

* The authors wish to express their appreciation to Dr. Charles Thom of the 
Microbiological Laboratory of the Bureau of Chemistry for his kindly assist-^ 
ance ih the preparation of this paper. 

’ In case the curd does not completely separate from the butterfat after fifteen 
minutes at 45®C., slow centrifuging of the tube for about one minute while the 
melted butter is at the above temperature will bring all the curd to the bottom 
of the tube. It is essentia] that there be a clear separation of the curd from the 
butterfat. 
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vegetative elements of the oidia than is foimd to be true in 
studying yeasts. 

The commercial samples of butter and cream used by Red- 
field represented chiefly lower grades, hence failed to establish 
a relation to cream and butter of high quality. To obtain 
information as to the abundance of these forms in the higher 
grades of cream, a series of studies were made during the summer 
of 1920 at the Experimental Creamery Laboratory of the Dairy 


TABIB 1 

Yeasts in aainplesfrom different parts of the satne huiter 


NUMBER 

TUBE I 

TUBE 11 

TUBE III 

TUBE IV 

538 B 

1,060,000 ! 

1 ,200,000 

2,350,000 

1 ,500,000 

540 B 

810,000 

950,000 

550,000 

850,000 


TABLE 2 

Counts from different smears of the same sample of curd-whey mixture 


NUMBER 

(a) 

(b) 

(C) 

OBOAKIBMB 

301 B1 

2,280,000 

2,790,000 

2,490,000 

Yeasts 

302 B1 

150,000 

160,000 

585,000 

Oidia 

303 B2 

250,000 

225,000 

245,000 

Yeasts 

232 B1 

55,000 

75,000 


Oidia 

232 B3 

225,000 

260,000 


Oidia 

236 B1 

1,370,000 

750,000 

860,000 

Oidia 

236 B2 

610,000 

780,000 

2,140,000 

Oidia 

237 Bl 

160,000 

55,000 

25,000 

Oidia 

237 B1 

340,000 

215,000 

155,000 

Yeasts 


Division, Bureau of Animal Industry of this Department at 
Grove City, Pennsylvania, which is conducted in close coopera- 
tion with the commercial manufacture of pasteurized sweet 
cream butter of exceptionally high grade. The samples tak^ 
for examination were thus obtained from commercial vats of 
cream which were subsequently made into butter scoring 93 or 
over. Samples of this butter, as freshly made, were examined 
microscopically, and reserve samples were packed in 1-pound 
cans sealed and stored for later examination. 
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Table 3 gives the microscopic and cultural results obtained in 
examining 14 samples of cream which in every case produced 
butter scoring 93 or 94 (see table 4). Since the microscopic 
method used (see Redfield) introduces a factor of 600,000, one 
organism in each microscopic field would represent 500,000 per 
cubic centimeter of material examined. In the table therefore 
“ -5000 ” represents failure to find a single organism in examining 
100 fields. Since no oidia were found with the microscope the 

TABLE 3 


Microscopic and plate counts of yeasts^ oidia and bacteria in sweet raw cream 


NUMBER or 
CREAM 

MICROSCOPIC COUNT 

PLATE COUNT WHEY AGAR 80"C.— 5 DATS 

Yeasts 

Oidia 

1 Bacteria* 

Yeasts 

Oidia 

Bacteria* 

200 C 

-5,000 

-5,000 

61 ,000,000 

no 

30 

32,240,000 

201 C 

-5,000 

-5,000 

40,000,000 




202 C 

5,000 

-5,000 

117,000,000 

3,800 

500 

49,000,000 

203 C 

65,000 

-5,000 

100,000,000 

2,100 

125 

95,500,000 

204 C 

5,000 

-5,000 

39,000,000 

1,200 

100 

39,500,000 

205 C 

75,000 

-5,000 

44 500,000 

40 

40 

35,500,000 

206 C 

-5,000 

-5,000 

110,000,000 

850 

100 


207 C 

5,000 

-5,000 

53,500,000 




208 C 

-5,000 

-5,000 

34,000,000 




210 C 

25,000 

-5,000 

132,000,000 

1,100 

100 


211 C 

7,500 

-5,000 

80,000,000 

350 

-100 


213 0 

5,000 

-5,000 

60,000,000 

5,200 

200 

75,000,000 

214 0 

30,000 

-5,000 

100,000,000 

895 

25 

85,000,000 

216 0 

-5,000 

-5,000 

100,000,000 

4,600 

100 



* Microscopic count of bacteria wherever made in this paper was based on 
groups of bacteria rather than on the enumeration of individuals. The figures 
for yeasts and oidia include every cell found. 


counts of viable organisms in the column reporting the cultural 
examinations, represent the actual numbers of viable oidia 
present with a maximum of 600 per cubic centimeter. These 
figures show that even in cream passed by physical examination 
as high in quality both yeasts and oidia are present in numbers 
sufficient to account as inoculating material for the tremendous 
numbers foimd later in samples of the same cream when subjected 
to incubation. 





TABLE 4 

Microscopic counts of yeasts and Oidium lactis in cream, fresh butter, same butter after transit and after storage 
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e 

5 

H 

i 

i 

» 

5 

Oidia 

1 i 1 I I 1 1 1 1 1 1 1 1 1 

Yeasts 

705.000 

470.000 

585.000 

260.000 

380.000 
60,000 

6.230.000 

1.250.000 

130.000 

1.440.000 

350.000 

3.815.000 

3.770.000 

370.000 

Score 

OIOOOOOOOOOOOOIO 

Time in 
storage 

days 

155 

156 
155 
161 
155 

157 
164 
166 
ISO 
ISO 
ISO 
179 
170 

AITEK TRANSIT TO WASHINGTON* 

Oidia 

Iliillllllliil 

1 1 1 1 1 . 1 1 1 1 1 1 1 1 1 

2 

w 

2,020,000 

1.730.000 
•>40,000 
215,000 

215.000 

4.50.000 

4.240.000 

340.000 

165.000 

1 .085 .000 

1 .425 .000 

8.150.000 

5.290.000 

750.000 

Score 

CnOi<J>OiOiCtiO>0>OiO>OiCiCfiO> 

Age when 
examined 

days 

13 

13 

13 

13 

19 

11 

23 

21 

19 

25 

19 

26 

22 

15 

M 

H 

1 

n 

I 

Oidia 

iiiiiiillliill 

»(5K5«5US>OU5U51010U5>0<0»15>0 

Iliillllllliil 

1 

lOlOlOiOliOUdkOiAaOLOiOkOiOlO 

i 1 1 1 i 1 1 1 1 i 1 1 1 1 

Salt 

1 owp^cic^^oeooowo'^ 

? w M csi w CO csi c<i CO w w w CO ci 

1. 

1 

OQO«O>OMO>CnOdOd0>CnO>CdC!>O> 


mncQpqmnpannmnnpQm 
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t Placed in storage in Washington. 
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The absence of oidia in the microscopic counts of high-grade 
cream shows marked contrast to the large numbers found in 
most of his samples by Redfield. The occasional presence of 
yeasts in numbers xmder 100,000 was clearly unaccompanied by 
physical evidence of lowered quality. The cream was sampled 
from a large pasteurizing vat before heating had begun, and 
represents the mixed product of many producers. Titration 
showed the acidities of these samples to vary from 0.15 to 0.17 
per cent, but no cream showing physically noticeable acidity 
was accepted. These vats of cream represented mixed lots 
which varied in age from a few hours to forty-eight hours old, 
but all of which had been well-cooled on the farm. Microscopic 
coimts before pasteurizing showed bacterial numbers already 
running from 34,000,000 to 132,000,000. Experimental samples 
from certain of these commercial vats of cream were removed to 
the laboratory and held for further study at 70 to 80° F. These 
samples were titrated from time to time and pasteurized at the 
desired acidities which ran m series from 0.20 to 0.34 per cent 
and required increasing periods up to six hours for their develop- 
ment, and were accompanied by microscopic counts of bacteria 
running to 300,000,000. Cream in the condition at which these 
samples were taken into the creamery, would sour quickly if not 
pasteurized or refrigerated promptly. 

TREATMENT OP CREAM AND BUTTER 

The mixed cream was pastemized in a large vat at 145“ for 
thirty minutes. After cooling, it was kept at 45“F. in the 
same vat for about twelve hours. The cream was protected 
from contamination during that time. It was then churned 
sweet in a large revolving chum. No starts was used. 

Samples were taken directly from the chum for immediate 
microscopic examination and for storage in canned form. The 
results of this examination are combined with the findings of 
subsequent examinations to form table 4. The microscopic 
counts of yeasts and oidia are seen to be less than 5000 per cubic 
centimeter of the curd-whey mixture, in every sample. In 
other words, no yeasts nor oidia were found when 100 fields of 
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the microscope were examined. Cultures made from these 
samples showed small numbers of yeasts and oidia; the maxi- 
mum number was roughly 300 yeasts and 100 oidia per gram of 
butter, but both groups were found present in viable condition 
in the samples examined. Bacterial colonies found in the 
cultures ranged from 10,000 to 130,000. The samples taken 
from the chum and canned were first stored in the creamery 
refrigerator at 40 to 45° F. for one to seven days, then shipped by 
express to Washington, D. C. It was not possible to control the 
temperatures at which the butter was held in transit. The ex- 
posures were supposed to have been approximately as follows: 
About five hours at ordinary baggage car temperatme, about 
eight hours at express-car refrigerator temperature, about one 
hour at summer temperatures during transportation from the 
railroad station to the Bureau of Chemistry. All samples 
were then stored at 22°F. 

After one to three days storage in Washington two cans of 
each series were opened and examined. The differences in 
score foimd were not great and might represent the differences 
in opinion of the judges. All these samples showed an in- 
creased microscopic count of yeasts at this time. Varied in- 
creases are noted. Since these samples were shipped at different 
times during the summer months, they were not subjected to 
the same conditions of transportation or for the same period of 
storage at 45° F. in Grove City. No increase in oidia appeared. 
This organism does not grow in salted butter. The large in- 
creases in munbers of yeasts found in examining these samples 
are apparently only important as showing a multiplication factor 
in this butter subjected to temperatures above freezing. The 
indications are that the actual number of yeasts in a sample of 
butter can not be correlated with the condition of the cream 
imless the examination is made immediately after churning, or 
unless the butter is kept thoroughly chilled or unless the yeasts 
have been aU killed by pasteurization. Samples of these same 
lots were held at 22° F. for five to six months and again examined 
(also in table 4). The scores remain practically unchanged. 
The oidia counts are unchanged. A few increases in numbers of 
yeasts are offset by a larger number of decreases. 



TABLE 5 

Storage butter held two weeks at BO^F. 
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* Metallic, bordering on fishy flavor, 
t Stale flavor, 

{ Bacteria predominated so it was impossible to find the number of yeasts. 
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TABLE 6 


Microscopic examination of wholesale samples of butter in New York 


Nr'MBKR 

OF BUTTBR 

SOORS 

COUMSMTS OF 8CORKR 

NEW TOUR REf 

Microeco ] 

Yeasts 

tUWB (Q.F. R). 

nc count 

Oidia 

831 

95 


-10,000 


810 

94 


70,000 


824 

94 

Sweet cream butter 

7,250,000 


830 

94 

Creamery 

-10,000 

Hi ilnffM 

845 

94 


-10,000 

-10,000 

809 

93 

Sweet, clean 


170,000 

814 

93 

Creamery 

150,000 


825 

93 


180,000 


828 

93 

Sweet cream 

-10,000 

-10,000 

842 

93 

Sweet, clean 

375,000 

50,000 

846 

93 


120,000 

20,000 

849 

93 

Creamy 

10,000 

-10,000 

803 

92 

Sweet 

1,600,000 

-10,000 

811 

92 


350,000 

-10,000 

816 

92 


220,000 

10,000 

821 

92 1 

Un salted 

240,000 

-10,000 

822 

92 


700,000 

—10,000 

820 

92 


-10,000 

-10,000 

843 

92 


-10,000 

-10,000 

813 

91 

Weedy 

80,000 

30,000 

818 

91 

Slightly lardy 

10,000 

-10,000 

823 

91 

Flat, low salt, Holland 

5,100,000 

-10,000 

844 

91 


-10,000 

-10,000 

848 

91 

Tainted, unclean 

10,000 

-10,000 

801 

90 

Little oily 

650,000 

30,000 

805 

90 

Little oily 

150,000 

-10,000 

812 

90 

Little oily 

260,000 

20,000 

816 

90 

Little oily 

40,000 

-10,000 

826 

90 

Curdy, lardy 

180,000 

380,000 

850 

90 

Little curdy, acid 

350,000 

300,000 

857 

90 

Flat 

1,450,000 

-10,000 

827 

89 

Slightly oily, weedy 

550,000 

-10,000 

851 

89 

Old flavor 

240,000 

200,000 

856 

89 

Acidy 

3,050,000 

850,000 

804 

88 

Unclean, sour 

650,000 

130,000 

806 

88 

Slightly fishy 

400,000 

100,000 

807 

88 

Oily, stale, slightly fishy 

260,000 

140,000 

817 

88 

Oily, slightly fishy 

100,000 

-10,000 

853 

88 

Sour 

160,000 

550,000 
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TABLE 6 — Continued 


MUMBEB 
OF BVTTXR 

0CORK 

COMMENTS OP SCORS|R 


BULTE (O. F. B.) 

pio count 

Oidia 

802 

87 

Stale, oily, little fishy 

100,000 

60,000 

808 

87 

Fishy flavor 

200,000 

450,000 

820 

87 

Fishy flavor 

120,000 

-10,000 

847 

87 

Distinctly fishy 

340,000 

120,000 

862 

87 

Whey butter 

4,650,000 

100,000 

819 

86 

Pronounced fishy flavor 

-10,000 

-10,000 

852 

84 

Stale, weedy, tallowy 

1,600,000 

350,000 

855 

84 

Rank, weedy, very high salt 

400,000 

300,000 

860 

84 

Pronounced fishy 

480,000 

40,000 

858 

83 

Rank, stale, sour 

220,000 

120,000 

859 

83 

Rank, stale, w^eedy 

1 ,550,000 

850,000 

861 

83 

Tallowy 

1,450,000 

400,000 


Cans representing 10 of the samples in this series were then 
removed from cold storage and held in the ice-refrigerator at 
about 50° F. for two weeks and examined (table 5). No develop- 
ment of oidia is shown, but the numbers of yeasts show a positive 
increase in 5 samples. The score of these samples shows deterior- 
ation but not correlated with the numbers of yeasts found, since 
increases of yeasts are in some cases unaccompanied by change 
in score and changes in score are in other samples not accom- 
panied by increased numbers of yeasts. 

Counts of colonies developing in whey-agar are given in table 5 
for these 10 samples. In these cultures yeasts dominated. 
Bacteria appeared in only one sample in appreciable numbers. 
One sample showed no colonies of any organism in the ten 
thousandth of a cubic centimeter. Wort agar plates, however, 
showed viable oidia in every sample in numbers varying from 10 
to 600 per cubic centimeter. This species was clearly held in 
check by salt in the butter. 

For comparison with this group of samples table 6 is intro- 
duced to include a series of samples of butter of unknown history 
taken in wholesale warehouses in New York. In this seri^ the 
general contrast between low counts of oidia in higher scoring 
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lots and very high counts in the low scoring lots is maintained. 
No absolute correlation, however, is established between count 
of either group and score. 

Experiments to test further the significance of the numbers of 
oidia found are brought together in table 7. These samples of 
cream probably averaged twenty-fom hours old at the time they 
were taken from the commercial vat. After twenty-four hours 
in the laboratory (at 70 to 80® F.) no sample showed 5000 oidia 
per cubic centimeter. After two days, marked increase was 
found for both yeasts and oidia accompanied by curdling from 
the development of acid bacteria. The numbers of oidia in 
both cream and butter rises rapidly with the age of the cream 
except in sample 229 C2, which was held in the refrigerator at 
50° F. for comparison. These numbers compare with similar 
results given by Redfield. Under the butter-making conditions 
of these experiments, microscopic counts of above 5000 oidia 
in the curd-whey mixture indicated the use of cream both sour 
and stale in flavor in the manufacture of the product. 

In general, these studies indicate that a microscopic count of 
yeasts and oidia by the Redfield method can be made to show the 
relative numbers of these organisms present in samples of butter. 

No sample of high-grade cream and no sample of salty butter 
made from such cream show'ed 5000 oidia in these experiments. 

In the first-grade sweet cream used, the number of yeasts 
usually fell below 5000, but certain samples contained up to 
75,000 yeasts per cubic centimeter without showing physical 
signs of deterioration. 

Under the condition of handling represented in these Grove 
City samples of cream which showed less than 100,000 yeasts and 
less than 5000 oidia, bacterial multiplication had already reached 
figures of 34,000,000 to 132,000,000. Cream showing these 
numl^rs of bacteria is close to the turning point in flavor. 

In a commercially salted butter, there is an apparent correla- 
tion between the presence of oidia in appreciable numbers (50,000 
and over is suggested) and the use of old stale or deteriorated 
cream in its manufacture. 



THE VOLATILE ACIDS AND THE VOLATILE OXIDIZ- 
ABLE SUBSTANCES OF CREAM AND 
EXPERIMENTAL BUTTER 

L. W. FERRIS, H. W. REDFIELD and W. R. NORTH 
Bureau of Chemistry y United Slates Department of Agriculture y Washington, D. C^ 

In judging the fitness of cream for butter-making, the odor is 
generally considered as one of the most important factors. Van 
Slyke and Baker* observe that there is a characteristic flavor 
due, not to lactic acid, but to the presence of some volatile 
compoimd which appears in milk even before it begins to taste 
sour. In this study, the volatile acids and the “oxidizability 
value”* of cream and butter have been considered in their rela- 
tion to the quality of cream and of the butter made from dififer- 
ent grades of cream and the changes that take place during 
storage under different conditions. 

A method for determining the rancidity of fat and oils, is 
given by Issoglio,^ who found that when the “oxidizability 
value” is above 15, that the fat is rancid or that some other 
change has taken place. Brill and Parker,* working on cocoanut 
oil, found that although some samples, which were undoubtedly 
rancid, gave a low oxidizability value, however, when this value 
was high, the oil was always rancid. Kerr* foimd results that, 
in the main, confirmed the standards set by Issoglio, but, ob- 
serving that most of the oxidizable substances are soluble in 
water, preferred to wash the fat or oil with water and oxidize 
the washings rather than distil with steam. 

In order to measure the oxidizable substances produced by 
decomposition in cream and butter, the original sample, in 

* Acknowledgment is hereby made to L. Jones, J. I. Palmore, Miss Scott, 
Miss Oflfutt and Miss Dean of this Bureau, for assistance in chemical analyses 
and to the Blitter Experts of the Dairy Division of this Department for scoring 
the samples of butter. 

* Free lactic acid in sour milk. Jour. Biol. Chem., xxxv, 178. 

* Annali. chim. Applic., 1916, vi, 1-18. 

* Philippine Jour. Sci., 1917, xii, 95-110. 

* Jour. Ind. & Eng. Chem., x, no. 6, p. 471. 
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each case, was subjected to steam distillation and the distillate 
oxidized according to the procedure given by Issoglio. Since, 
in this case, other substances than fat are presait, it could not 
be expected that the values obtained would be strictly com- 
parable to those given by Issoglio, but the values found on 
cream and on butter should represent, in each case, the relative 
amount of volatile, oxidizable substances present. 

In table 1 are shown the results obtained on 14 samples of 
butter* from sweet cream made at the experimental creamery 
of the Dairy Division, Bureau of Animal Industry, of this De- 
partment, at Grove City, Pennsylvania. Samples of the regular 
run butter were sealed in 1 pound tins and sent to Washington, 
where the butter was scored and examined. For comparison 
with these results, table 1 also gives data on experimental 
samples made from a portion of the cream taken from the regular 
run and held until a slight acidity developed. These samples 
are marked “Bl”, in each case. On each sample the volatile 
acids, without saponification, were determined as follows: To 
50 grams of sample in a 500-cc. ‘flask, such as used for the deter- 
mination of nitrogen by the Kjeldahl method, 5 cc. of 25 per 
cent phosphoric acid and 100 cc. of boiled distilled water were 
added, and the mixture steam distilled at such a rate that 100 cc. 
of distillate were collected in ten minutes. Another determina- 
tion of volatile acid was made, treating the sample as above, 
except that instead of steam distillation, the flame was applied 
directly to the 500-cc. flask and 100-cc. distilled over in thirty 
minutes. The distillate, in each case, was titrated to the phenol- 
phthalein end point with tenth normal sodium hydroxide. 

An inspection of table 1 shows that although there is scarcely 
any perceptible difference in the quality of the butter when 
fresh, as shown by the score,. yet, in each case, there is an in- 
crease in volatile acids from the experimental samples over thq 
amount found in the ''regular run” butter from the same cream. 
In all cases, the results found by the direct distillation were 
higher than by the steam distillation, although practically the 

* These same samples are included in the work by North and Reddish, Yeasts 
and Oidia in High-grade Experimental Butter, loc. cit. 
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TABLE I 


Showing rcsulta on fresh butter made at Grove City^ 1920 


SAMFLK NUMBER 

ACIBITY OF 
CULAM 

BUTTER 
SCORE AT 
FACTORy 

VOLATIL 
CUBIC CENT 
N/10 PER 

Steam 

distillation 

E ACIDS 
[METERS OF 
100 GRAMS 

Direct 

distillation 

OXIDIZABIL- 
ITY VALUE 

LAcrrosE 








per cent 

200 B 

0 

.17 

93 

0 2 

0 4 

0.4 

0.41 

201 B 

0 

IG 

94 

0 3 

0 S 

0 

0 44 

202 B 

0 

16 

94 

0.2 

0.4 

0 

0.36 

203 B 

0 

10 

94 

0.2 

0.4 

0 

0.39 

204 B 

0 

17 

94 

0 2 

0.6 

2 2 

0.34 

205 B 

0 

17 

94 

0 2 

0.4 

0 

0 37 

205 B1 

0 

40 

94 

0 7 

1 6 

1 9 

0 35 

2(K> B 

0 

10 

94 

0 3 

0 4 

1 4 

0 37 

207 B 

0 

16 

94 

0 2 

0 4 

1.3 

0.34 

207 B1 

0 

24 

94 

0 5 

0 6 

2 5 

0.46 

208 B 

0 

16 

94 

0.4 

0 8 


0 35 

208 B1 

0 

25 

93 

0 5 

1.1 

1 5 

0 36 

210 B 

0 

10 

91 

0 2 

0.4 

1.7 

0.36 

210 B1 

0 

29 

94 

0 3 

0 6 

1 3 

0 35 

211 B 

0 

17 

94 

0 2 

0 4 

1.6 

0.36 

211 B1 

0 

23 

93 

0 3 

0 6 

1 2 

0.26 

213 B 

0 

15 

94 

0 2 

0 5 

1.6 i 

— 

213 B1 

0 

31 

94 

0 4 

0 8 

0 6 

0.31 

214 B 

0 

16 

94 

0.3 

0 5 

0 9 

0 34 

214 B1 

0 

30 

94 

0 4 

0.7 

0 6 

0.37 

215 B 

0 

17 

94 

0 2 

0.4 

0 

0.31 

215 B1 

0 

27 

93 

0.4 

0.6 

0 

0.35 

Sweet cream butters — “B:'' 

Maximum 

Minimum 

Mean 

Experimental butters — *^B1:’’ 

Maximum 

Minimum 

n 

0 8 
■ 0.4 

0.5 

1.6 

0.6 

0.8 

2.2 

0 

0 9 

2.6 

0 

1 12 

0.44 

0.31 

0.36 

0.46 

0.26 

0.35 

Mean 


Samples 209 and 212 were yeast experiments and hence not included in this 
table. 


same diffemice between different samples is found by each 
procedure. The oxidizability value on the sweet cream butter 
varied from 0 to 2.2, and, on the experimental butter in table 1, 
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from 0 to 2.5, the difference not being appreciable, since the 
experimental error was generally about 0.5. 

Table 2 shows the results obtained on duplicate portions of 
butters examined in table 1, after being held in cold storage at 
22° F. for five to six months and again followed by holding in the 

TABLE 2 


Shomng remits on butters made at Grove Cityt 1920^ and held in storage 



FIVE TO BIX MONTHS IN BTOUAOK AT 22“P. 

six TO SEVEN MONTHS IN STORAGE AT 22®F., 
THEN IN ICE BOX TWO WEEKS 

SAMPLE 

NUMIIKB 

SCORE 

Volatile acids 
cubic ceiititnetera of 
N/10 i>er 100 grams 

OXIDIZA* 

BILITY 

VALUE 

SCORE 

Volatile acids 
cubic centimeters of 
N/10 per 100 grams 

OXIDI2A* 

BILITT 

VALUE 



Steam 

Direct 


Steam 

Direct 

200 B 

94 

0.5 

0.5 

0.7 

92 

0.2 

0.6 

2.0 

201 B 

93i 

0 4 

0.6 

0 

91J 

0 4 

0.7 

1.2 

202 B 

92 

0 6 

0 7 

0 9 

92J 


0.8 

1.2 

203 B 

93 

0.2 

0.7 

0.6 

92 


0.6 

0.6 

204 B 

93 

0 5 

0 5 

0 6 





205 B 

93 

0 4 

0 5 

1.0 

91 

0 5 

0.6 

2.0 

205 B1 

91 

1 2 

2.1 , 

1.5 





206 B 

92 

0.4 

0.6 

1.4 

88 

0 5 

0.7 

1.3 

207 B 

93 

0 3 


0.6 

88 


0 8 

1.4 

207 B1 

91i 

0.6 

1 2 

1.2 





208 B 

93 

0.6 

0.8 

0,2 

89 


1.0 

1,0 

208 B1 

93 

0,5 

1.4 

0.2 

86 

0.6 

1.0 

1.4 

210 B 

93 

0.4 

0 6 

*4 1 

93 


0 6 

2.9 

210 B1 

93 

0.4 

1 0 

1 9 

90 

0.4 

0.9 

3.2 

211 B 

93 

0.3 

0.7 

1.6 





211 B1 

93 

0.4 

1.2 

2 7 





213 B 

93 

0.4 

0.9 

0.6 





213 B1 

! 93 

i 0.4 

1.3 

1.2 

88 

0.8 

1.2 

1.0 

214 B 

93 

0.3 

1.0 

1.8 





214 B1 

93 

0.5 

‘ 1.7 

0.6 

91 

0.5 

0.8 

1.2 

215 B 

92i 

0.2 


0 

91 


0.9 

1.0 

215 B1 

92 

0.4 

2.2 

0.3 






* Exceptionally high, may be due to experimental error. 


ice box two weeks to approximate the conditions of retail dis- 
tribution. By comparing the sweet cream butter with the 
^cperimental butter in table 2 , it is seen that, in general, after 
storage there is the same diffearenoe that was found when the 
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samples were fresh. The score on these butters, after being 
kept at the temperature of an ordinary ice box for two weeks, 
was generally somewhat lower than when the butters were 
first taken from cold storage. However, there was not a corre- 
sponding significant increase in volatile acids. 


TABLE 3 

RSsumi of results from tables 1 and 2 showing changes during storage 



VOLATILK ACIDB 



CUBIC CKNTIMKTEB8 OIT N/10 
PER 100 GRAMS 

OXimZABILITT 

VALUE 


Steam 

I Direct 



Sweet cream butters 



f Fresh 

0 4 

0 8 

2.2 

Maximum \ 

Storage 

0.6 

1.0 

*4.1 


[Icebox 

0 5 

1.0 

2.9 


f Fresh 

0.2 

0 4 

0 

Minimum \ 

Storage 

0.2 

0.5 

0 

1 

lice box 

j 

0.2 

0.6 

0.6 


f Fresh 

0.2 

0.6 

0.9 

Mean | 

Storage 

0 4 

0.7 

1.0 


[Ice box 

0.4 

0.8 

1.4 

Experimental butters 

I 

Fresh 

■n 


2.5 

Maximum j 

Storage 



2.7 

1 

[ice box 



3.2 


f Fresh 

0 3 

0.6 

0 

Minimum ^ 

Storage 

0.4 

1.0 

0.2 


[Ice box 

0.4 

0.8 

1.0 

1 

fFresh 

0.4 

0.8 

1,2 

Mean \ 

Storage 

0.6 

1.5 

1.2 

1 

[Ice box 

0.6 

1.0 

1.7 


*See footnote table 2. 


Table 3 shows the maximum, minimum and average values 
found on the sweet cream butter and the experimental butter 
when fresh and after the two periods of storage. There is a 
eli^t but noticeable increase on both the sweet cream butter 
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TABLE 4 


Showing results on experimental butters made at Grove City^ 1920 


NCMBKR 

ACIDITY OF 
CBEAM 

TIME WHEN 
ANALIZED 

6COBE « 
WHEN 
ANALIZED 

VOLATILE ACIDS AS 
CUBIC CEMTlMETEns OF 
N/10 PEB 100 QBAMS 

OXIDIZA* 

BILTTY 

VALUE 

LACTOSE 

Steam 

distillation 

Direct 

distillation 








per cent 


f 

Fresh 

91 

0 5 

1.1 

0 4 

0.29 

217 B1 

0 35 

Storage 

92i 

0.8 

2.4 

1.6 



1 

Ice box 

86 


2.2 

1.5 



f 

Fresh 

91 

0 6 

1.3 

1.8 


218 B1 

0 45 

Storage 

92J 

0.7 

2.2 

2.4 

0.30 


1 

Tee box 

87 


1.9 

1 0 



( 

Fresh 

92 

0 6 

1 3 

1.4 

0 27 

221 B1 

0.51 

Storage 

92 

0 8 

1 6 

1.7 



[ 

Ice box 

89 


1.8 

0.4 



( 

Fresh 

92 

0.6 

1 3 

0.9 


222 B1 

0 55 1 

Storage 

93 

0 8 

1 4 

0 9 

0 21 


1 

Ice box 

89 


1.7 

1 0 



f 

Fresh 

92 

0 6 

1 5 

1 3 

0 21 

220 B1 

0 58 i 

Storage 

93 

0 7 

1 4 

1.1 



1 

Ice box 

86 

1.2 

1.7 

1 4 



f 

Fresh 

90 

0.7 

1.4 

0.5 

0.27 

216 B1 

0.60 { 

Storage 

93 

0 8 

1.6 

2 1 



1 

Ice box 

91 

1.0 

1 5* 

1 2 



[ 

Fresh 

90J 

0.9 

1 5 

1.3 

0 28 

225 B1 

0.60 ^ 

Storage 

92 

1.1 

1 3 

0.9 



1 

Ice box 

89 


2.0 

0.3 



[ 

Fresh 

92 

0.8 

1.6 

1.0 

0.21 

226 B1 

0 62 { 

Storage 

92 

1.1 

1.7 

0.6 



1 

Ice box 

89 


2.5 

2.1 



f 

Fresh 

91 

0.7 

1.3 

0.6 


228 B1 

0.63 i 

Storage 

92 

1.0 

1.7 

0.6 

0.19 


1 

Ice box 

89 


2.2 

1,0 



[ 

Fresh 

91 

0.8 

I 1.5 

2.9 


224 B1 

0.66 ^ 

Storage 

92 

1.0 

2.1 

1 3.0 

0.22 


1 

Ice box 

88 


2.6 

0.9 
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TABLE 4 — Continued 


NUMBER 

ACIDITY OF 
CREAM 

TIME WHEN 
ANALYZED 

fiCORE 

WHEN 

ANALYZED 

VOLATILE 
CUBIC CENT) 
N/10 PER ] 

Steam 

diatillatioii 

ACIDM AH 
[METERS OF 
100 GRAMS 

Direct 

distillation 

OXIDIZA- 

BILITY 

VALUE 

LACTOSE 








per cent 


f 

Fresh 

92 

0 8 

1 4 

1 1 


219 B1 

0 67 \ 

Storage 

93 

1 0 

2 4 

1.6 

0 35 


1 

Toe box 

91 i 

1 1 

1 6 

0 9 



[ 

Fresh 

91 

0 8 

1.5 

0.6 


227 B1 

0 67 ( 

Storage 

92 

0 8 

1 5 

0 3 

0 23 


1 

Ice box 

89 


2 3 

1 5 



( 

Fresh 


0 7 

1 4 

1 2 


Average 

Storage 


0 9 

1 8 

1 4 

0.25 


[ 

Ice box 


1.1 

2 0 

1.1 



Cream 223 was held a greater length of time and not included in this table. 


and the experimental butter during storage, the sweet cream 
butter showing a value, after six to seven months in cold storage 
and two weeks in the ice box, about equal to that of the fresh 
butter made from cream in which a slight amount of acidity had 
developed before churning. The maximum oxidizability value 
found at any time on the sweet cream butter was 4.1 and 3.2 on 
the above experimental butters. The next to the highest result 
on sweet cream butter was 2.9, the higher figure being possibly 
due to experimental error. 

Table 4 shows the results obtained on twelve samples of butter 
made at Grove City from portions of cream which had been held 
from a few hours to twenty-four hours until the acidity noted 
in the table had developed, when it was reduced with milk of 
Kme to approximately 0.25 per cent and the cream pasteurized 
and churned. In each case, the cream appeared to have a 
clean acid flavor. In six of the samples, the yeast count (micro- 
scopic) did not exceed 5000 per cubic centimeter in the cream 
when ready to chum; six showed counts varying from 10,000 to 
30,000 yeasts and all of the samples showed less than 5000 oidia. 
The volatile acid figures on these samples were generally slightly 
higher than foimd on the experimental butters in table 1, made 

TBB SOVtatMs Of DAIRY MXVMOE, VOL, IT, KO, 6 



TABLE 6 

Showing volatile acid determination on cream and butter analyzed in Denver Laboratory^ 1919 
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TABLE S 

Results on cream and butter analyzed at Denver Laboratory ^ 1918 
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Showing resxdts on experimental butters made at Grove City^ 19t0 
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These samples were not put in ice box before analyses. 
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from cream containing a slight amount of acidity which was 
not reduced before pasteurization and churning. The oxidiza- 
bility value showed practically no change during the two periods 
of storage, all values being lower than found on the sweet cream 
butters in table 1. 

Table 5 shows the volatile acid determination and score on 
butter made from cream received at a commercial creamery at 
Denver during the summer of 1919. It is seen that the volatile 
acid determination on these butters is higher, in every case, 
than that given for the butter made from sweet cream at Grove 
City, but is approached by the experimental butter from slightly 
soured cream. Columns 7 and 8 in table 5 show the volatile 
acids on cream and the corresponding butters calculated to a 
water basis. These results are greater on the butter in 30 cases 
and less in 10. It is evident that although the butter may con- 
tain some wash water, in addition to the water from the butter- 
milk, there is a greater proportion of volatile acids to water in 
the butter than in the cream, in the majority of cases. This 
may be explained by the fact that volatile acids may be dissolved 
in the fat as well as in the aqueous portions of the cream. 

In table G are shown the microscopic count of yeasts, the 
oxidizability value and volatile acid determinations on samples 
of cream secured from the above mentioned creamery at Denver 
in 1918. The samples are arranged according to ascending 
oxidizability values. There is seen to be some agreement be- 
tween the coimt of yeasts and the oxidizability value, both 
determinations being higher on the poorer samples. The volatile 
acids are also generally higher on the samples that show greater 
physical signs of decomposition. 

Seven samples of butter were made from portions of the 
above cream and the oxidizability value and volatile acid figure 
are shown in columns 7 and 8 of the same table. There is a 
noticeable lower oxidizability value and volatile acid figure on the 
butter than on the corresponding cream. It is evident that a 
greater portion of the volatile acids and the oxidizable sub- 
stance are removed from the cream during the proces of butter- 
making, although more remain in the butter from cream showing 
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higher amounts than in butter from cream showing lower volatile 
acids and oxidizability value. 

In order to understand more fully the significance of yeasts in 
cream and butter, portions of the regular run cream received at 
the Grove City Creamery were inoculated Avith different types 
of yeasts which originally were isolated from foamy or stale 
cream. ^I’he cream was held at given temperatures for three to 
five days, then churned in the experimental room of the creamery 
and the butter sealed in cans and sent to Washington for analysis. 
Samples of raw cream and pasteurized cream that were not inocu- 
lated were held and chimied under the .same conditions to serve 
as checks on the yeast ex]ieriments. The results are shown in 
table 7. Each sample was examined when fresh, after five to 
six months in storage and after six to seven months in storage 
and two weeks in the ice box. The samples are arranged in order 
of ascending oxidizability A'^alues when fresh. It is seen that 
there is a rather definite relation between the lactose splitting 
y(*asfs and the oxidizability value, the latter being high and the 
lactose very low, on the samples of butter made from cream 
which contained the higher numbers of lactose splitting yeasts. 

CONCLUSIONS 

The volatile acids in 14 .samples of commercial sweet cream 
butter scoring 93 to 94, was found to be 0.2 to 0.4 and 0.5 to 0.8 
cc. N/10 per 100 gram sample as detennined by the two methods 
of procedure used in this work. The score on these butters, 
after being kept in cold storage five to six months, was, in general, 
about one point lower than when they were fresh and the volatile 
acid figure was about twice as large. After six to seven months, 
the butters were removed from cold storage and kept at about 
15° for two weeks, this causing a decided drop in score but, how- 
ever, no corresponding significant increase in volatile acids. 

It has been found that there is a noticeable difference between 
the amount of volatile acids found in the sweet cream butter and 
the amount formd in butter made from clean acid cream, the 
acidity of which had been reduced before pasteurization. In 
these experiments, an oxidizability value on butter greater than 
5, indicated that the butter was made from cream which had 
contained a large number of lactose splitting yeasts. 



THE VALUE OF A TITRATION TEST FOR ACIDITY AT 
THE RECEIVING PLATFORM 


R. S. FLEMING and J. H. NAIR 

Research Laboratories^ Merrell-Sotile Company ^ Syracuse ^ New York 

Recently the maintenance of an acidity standard for fresh 
milk by condenseries and powdered milk manufacturers has 
been the object of adverse criticism, based on the established 
fact that any titration test applied to milk fresh from the cow 
will indicate an apparent acid condition, which cannot be due to 
lactic acid, the cause of sour or curdled milk, since the presence 
of this acid indicates bactericidal action on the milk sugar, a 
process requiring a lapse of more or less time, according to 
conditions. Brew (1) has pointed out that this apparent acidity 
may be as high as 0.25 per cent and yet the milk be processed 
successfully, though his evidence on that score is negative. 
Sommers and Hart (2) foimd in one herd variations on titrable 
acidity of 0.102 to 0.257 per cent, 52 per cent being above 0.18 
per cent, and showed that this bears no relation to the heat 
coagulation of milk. Mclnemey (3) found one herd of five 
cows varying from 0.175 to 0.205 per cent acidity with a com- 
posite of 0.19 per cent, and in another mixed herd averages of 
0.123 to 0.18 per cent according to breed, with milk from individ- 
ual cows as high as 0.22 per cent. Van Dam (4) holds that 
titrating milk leads to wrong conclusions as this measures 
“potential” acidity, while hydrogenion methods measure the 
“actual” acidity. Henkel (5), in 10,000 determinations on the 
milk of individual cows, found variations of 0.1375 to 0.225 per 
cent, though mixed herd milk had much narrower limits. Barag- 
iola (6) emphasizes the necessity of differentiating between the 
degree of acidity or concentration of the hydrogenion, expressed 
in millimoles per liter, and the acid content (total acid, titrable 
acid, or acid value), expressed in cubic centimeters of normal 
solution or grams of lactic acid per liter. 
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The cause of the acid reaction of fresh milk to phenolphthalein 
has been the object of much investigation, which has resulted in 
narrowing down the probabilities to two or three sources, or a 
combination of them. Van Slyke and Bosworth (7) have pre- 
sented good evidence to substantiate their theory that the 
apparent acidity is due to the acid phosphates present. Rich- 
mond (8) attributes it partly to acid phosphates and partly to 
dissolved carbon dioxide, though Van Slyke and Baker (9), on 
the contrary, found that the degree of acidity, as measured by 
titration tends to decrease with increasing COj content, a condi- 
tion which Baker and Breed (10) believe is due to the entrance of 
bicarbonate from the blood of the cow. Bordas and Touplain (11) 
investigated the titrable acidity, with phenolphthalein, of 
milk serum, the coagulum containing the insoluble salts, the 
casein plus the insoluble salts, and the pure casein separated by 
the alcoholic method. They concluded that the original acidity 
is due to casein and that no free acid or acid salts exist in milk 
at the outset. Bordas (12) made further studies and reported 
that the increase in acidity is due to casein liberated from com- 
bination with calcium by the formation of calcium lactate. 

This conflicting evidence as to the cause of titrable acidity in 
fresh milk is of less importance from the standpoint of factory 
practice than the question of the justice of an acid standard to 
the factory patrons. If it is true that any considerable number 
of cows or any one breed of cattle consistently give milk which 
has a higher titrable acidity than the standard maintained or if 
the acid test fai's to measure the quality of the milk at the re- 
ceiving platform, the contention of Brew, Hart and others that 
manufacturers of milk products are in error in maintaining a 
rejection test based on titrable acidity must be acknowledged 
and every effort bent toward development of some other test 
which may distinguish poor milk with more certainty and yet 
be as rapid of manipulation, as the titration method. Up to 
the present time no substitute has been devised which meets 
the latter requirement, the vital one from the manufacturing 
standpoint. This being the status of the question, the atten- 
tion of this laboratory was turned to an investigation of the 
titrable acidity of individual cows and of herds. 
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The practical experience of a number of milk inspectors was 
reviewed at the outset and the gleanings sunraiarized into three 
pertinent facts. First, that the average acidity of herd compo- 
site milk as received at the factory was wel below 0.18 per cent, 
though it was probably true that individual cows of certain herds 
or breeds gave milk higher than that in acidity. Second, that 
milk was not rejected on the basis of titrable acidity alone, for 
an acid test was resorted to only when the odor and flavor of the 
milk suggested to the experienced inspector that it was ques- 
tionable. In other words, the acid test is applied mainly as an 
adjunct to the senses of the trained inspector. This is in line 
ivith the best practice of the day. As Hunziker (13) states: 

Experience has shown that, while it is necessary for the condenseries 
to decide on a maximum acidity of milk above which all milk be re- 
jected, the nose and the palate of the experienced inspector arc better 
criterions than the acid test alone, as to the fitness of milk for con- 
densing. Acid tests are valuable in the case of uncertainty and suspi- 
cion as to the quality of any given can of milk What has been 

stated concerning the necessity of high quality of fresh milk in the 
successful manufacture of condensed milk is equally true in the manu- 
facture of milkpowder. . . It is especially essential that it arrive 

at the factory perfectly sweet, since acidity tends to lower the solubility 
of the finished product. 

This has been confirmed by our own experience during the 
past twelve years, during which approximately 10,000,000 cans 
of milk have been taken in at our receiving platforms. During 
the flush of the past season an average of 12,000 cans were 
handled daily, with complete freedom from curdled milk or 
sour cream. Third, our wide experience has demonstrated 
clearly that it is impossible to manufacture a heavy cream of 
less than 0.09 to 0.095 per chnt acid or a light cream of less than 
0.11 to 0.115 per cent from milk testing 0.17 per cent at the 
receiving room. Before this fact had been estabUshed thousands 
of pounds of fresh cream became sour during transportation to 
market. This shipping quality of the fresh cream is an impor- 
tant item. It has been repeatedly demonstrated that heavy 
cream of 0.10 per cent or a %ht cream of 0.12 per cent acid may 
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be apparently in excellent shape when it leaves the factory, but 
it invariably sours, more quickly in the warm months, before it 
reaches the retail customer. To insure a cream that will stand 
up in such shape as to meet the exact demands of the trade, 
it is essential that the milk as received at the factory be below 
0.17 per cent titrable acid. More important, probably, than the 
souring of this fresh cream is the high acid flavor and the greater 
tendency toward curdling which appears in milk powdered from 
fluid milk of high acidity. Maintaining an uniformly high 
standard of quality in powdered milk means efforts beginning 
at the faim and this necessitates constant supervision of produc- 
tion conditions. The acid titration test provides one method 
of checking up on these, as any marked bacterial growth or lack 
of proper cooling is reflected in increased acidity. Long ex- 
perience has shoi^m that high acid milk taken in at the receiving 
platform continues to develop acidity so rapidly that milk powder 
dried from it has a peculiarly disagreeable acid flavor and, when 
used for cooking, will curdle easily. 

To ascertain definite facts concerning the apparent or titrable 
acidity of fresh milk and of milk at the receiving stand, a series 
of investigations were carried on by the department during the 
year of 1920. Herds in seven different territories in western 
New York and Pennsylvania were tested during the months of 
January, March, July, September and October. For the most 
part the cattle were mixed, with Holstein, Guernsey and Jersey 
the predominant breeds. In one territory practically all of the 
cows were Jerseys and in another mostly Holsteins. A total of 
766 herds were tested. 

The initial work was done on the milk of individual cows, the 
first titration being run at the farm immediately upon the com- 
pletion of each milking. Marshall’s method (14) was used, the 
0.1 N alkali having been carefully prepared and standardized 
against standard N/5 HCl, previously tested by precipitation 
with AgNOj and ignition. The milk was allowed to stand for 
a few minutes after being drawn to allow the froth to subside, 
a 9 cc. sample being then withdrawn with a pipette and placed 
in a white china cup. Titration was made with 3 or 4 drops of 
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1.25 per cent phenolphthalein, with no added water, with 9 cc. 
of added water and with 18 cc. of added water. Sufficient tests 
were run to determine that the addition of water did not affect 
the titration value expect to make the end point more easily 
\dsible. Alkali was added till a faint pink, permanent for one 
minute, was apparent. The milk from each cow was next 
strained into a can through filter cloth and a pint sample placed 
in a sterilized, glass-stoppered bottle. Upon the completion of 
the whole milking these jars were cooled and taken to the factory, 
where the development of acidity was followed closely Titra- 
tions were made at the end of 16, 20, 24, 40, 44, 47, 50 and 60 
hours, souring being induced in one series by elevating the tem- 
perature at the end of forty-four hours from 54° to 72°. The 
effect of pastevnization on the acidity of the milk was tried. In 
one series this w^as done at the end of twenty-fom hours by 
raising the temperature to 145° for thirty minutes. The samples 
were in glass-stoppered jars, giving no outlet for any volatile 
gas, to which may be due the average increase of 0.005 to 0.01 
per cent in the acidity of this series. In another group pasteuri- 
zation was carried out in open glass jars after forty-eight hours 
in a similar manner. Here there was a decrease in acidity of 
as much as 0.055 per cent in one case and an average decrease of 
0.015 per cent. 

Since measurements of the acidity of milk from individual 
cows indicated no unusually high values attention was turned to 
an investigation of mixed herd milk as received at the factory. 
The method used was to mix the milk in each can, as received, 
with a dipper and then to take an aliquot sample from each can 
of the milk brought in from any one herd, the whole being mixed 
to give a herd composite. These samples were placed in sterilized 
glass-stoppered jars and detenninations made as soon as possible. 
Ordinarily double titrations were made with 9 cc. of milk and 
18 ec. of water with occasional check runs with no added water. 
In all cases where the milk showed 0.17 per cent or hi^er acid 
an investigation was made of any conditions which m^t have 
been responsible for it and a check-up was run on the fresh milk 
from the individual members of the herd at the farm. In order 
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to ascertain whether high acid corresponded with high solids not 
fat, as contended by some observers, the current ten-day butter- 
fat test of each herd as regularly run in the factory was recorded 
and used as a criterion, since high butterfat usually accompanies 
high solids not fat. 

In table la are given the results of tests on the individual 
milk of one group of cows. Temperatures of the samples at 
time of titration are recorded at the foot of each colum n . These 
cows were tested on January 29. Table lb shows the results 
obtained from a second group of cows tested on March 26. The 
dates when the cows freshened are shown in column 2. Tem- 
peratures of samples are recorded as above. 

Variations in acidity range from 0.10 to 0.175 per cent with an 
average of 0.1 30 per cent, ten being below and eight above that 
figure. The composite of the mixed milks is 0.145 and 0.14 per 
cent respectiv’^ely. In six cases, cows 8, 9, 10, 11, 14 and 17, the 
acidity was lower after sixteen hours than when the milk was 
freshly drawn, a phenomenon previously observed by Koning. 
That there is some relation between acidity and the period of 
lactation is indicated by the fact that the cows that were farthest 
along, cows 11, 12, 14, 15 and 16, show the lowest acidities. The 
slow development of acidity when milk is quickly cooled and 
kept at low temperature is worthy of note. The results obtained 
are somewhat lower than the majority of those reported by other 
observers. In only one case, cow 7, would any of these milks 
have been rejected on a standard of 0.17 or 0.18 per cent and in 
neither case would the composite milk have been refused, the 
most important conservation from the standpoint of factory 
practice or of the producer. 

In table 2 are given the results obtained on mixed herd milk 
in seven territories as received at the factory. Under each 
0.005 per cent of acid are listed the number of herds showing 
that amount, with the average butterfat test of the group im- 
mediately below. 

In checking up the herds where values higher than 0.165 were 
in recorded the following results were obtained. The one sample 
territory A was 0.36 per cent when tested and was curdled four 
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hours after being received. Of the two samples showing 0.17 
in territory C, in both cases improper cooling in conjunction 


TABLE 1 
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COW NUMBWB 

ACIDITT AT 
MILKING 

AFTEB 16 
HOURH 

AFTER 20 
HOURS 

AFTER 24 
HOURS 


per cent 

per cent 

per cent 

per cent 

1 

0 14 

0.15 

0 155 


2 

0.10 

0.125 

0 116 


3 

0.12 

0.14 

0.15 


7 

0 11 

0.15 

0 13 
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0.13 

1 0.15 

0 15 
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0.115 

0.135 

0.135 
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0.17 
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0.18 
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per 
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0.15 
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0.16 

per 

cent 

0.156 

per 

cent 

0 155 

per 

cent 

0.155 



Turning 

iBl 

January 

0.175 

0.155 

0.16 

0.16 

0.165 

0.16 

0.16 



Sweet 

11 


0.145 

mjn 

0 14 

0.14 

0 145 

0.14 

0.14 



Turning 

12 

September. . . 

0.135 


0.14 

0.14 

0.14 

0.14 

0.14 

0.14 


Sour 

13 




0.165 

0.165 

0.175 

0.18 

0.176 


0.185 

Turning 

14 




0.116 

0.115 

0.155 

0.115 

0.115 



Sweet 

15 

September. . . 

0.12 

0.126 

0.125 

0.13 

0.13 

0.13 

0.13 



Sweet 

16 

December — 

jlRji 


0 13 

0.136 

0.135 

0.135 

0.135 



Turning 

17 

January 

3S 


0.14 

0.14 1 

0.135 

0.14 

0.146 



Sour 

18 

March 

0.15 


0.166 


0.166 

0.165 

0.166 

mI 


Turning 

Composite of 
above 

1 




0.15 





Sour 

Temperature of 
above 


62‘^F. 


53‘»F. 

54*’F. 

54'»F. 

72®F. 

74‘»F. 




with hot weather was found to be the cause. Tests made at the 
farm at milking time diowed composite of 0.135 and 0.14 re- 
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spectively, with no individual cows of liigh acid. The one sample 
higher than 0.17 when received was composed of milk from two 
cans, one of which was rejected as sour after the sample had been 
mixed. Of the high acid herds in territory D, of which there 
are two, tests made at the farm showed an acidity on the com- 
posite of 0.15 per cent in one case. The other herd consisted 
of three cows, w'hich gave fresh milk testing 0.15, 0.175 and 
0.18 per cent resi)oetively. The fanner was keeping the milk 
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1 

i 
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from the first cow at home for his own use. 'fihe mixed milk 
of the other two cows gave a value of 0.18 per cent. This is an 
unusual condition. The only herd show'ing as high as 0.17 in 
territory E w'as tested first at the fami for a composite with 
0.16 per cent acid apparent. A check-up made the following 
night on the milk from the individuals of the herd gave results 
as foUows; 0.16, 0.15, 0.12, 0.11, 0.18, 0.16, 0.15, 0.10, 0.13, 
0.16 and 0.18 per cent, an average of 0.145 per cent. In con- 
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nection with those results it may be mentioned that these 
tests iieing made in October when the pasture was verj’ short, 
this farmer was feeding sweet com to his cows just prior to 
milking. In territory F tests were made, at the farm on the milk 
from the five herds showing 0.17 per cent acid at the factory. 
Composites taken at milking time gave 0.14, 0.14, 0.15, 0.16 
and 0.17 per cent respectively. Conditions prevented tests on 
the individual cow\s of this la.st herd. 

'Phe average acidities in the various territories were: A - 
0.141, B- 0.130, C- 0.44, D— 0.141, E- 0.135, F {).144. 
G — 0.136 The average acidity of the 766 herds, using the 
values originally obtained at the factory and including the two 
cases where the milk was jialpably sour, was 0.140 per cent. 
Examination of thi; butterfal contents and the deduced solids 
not fat of the various herds, territories and grou]>s indicate 
that there is no consistent dependence of high acidity upon high 
solids-not-fat content. In fact, territory B, where the cattle 
are practically all Jerseys, was third from the lowest in average 
acidity and had no values higher than 0.15 per cent,. Among 
the 766 herds examined only two showed conditions, lixistent 
in the cows themselves causing an apparent acidity of 0.17 per 
cent or higher, and oius of these might liave been eliminated had 
it been possible to make further tests. Stated differently, only 
0.26 of one per cent of all the herds tested, rejiresenting 7700 
cows, furnished milk which would have been rejected on the 
basis of an apparently high acid condition, jirovided the milk 
was propcrlj- and sanitarily handled. AVhere this was not done 
."Uch a test jiroved of value in detecting milk which was im- 
properly cooled or contaminated in some manner. 

To summarize the results obtained we may say that the 
normal acidity of fresh milk of individual cows is from 0.14 to 
0.145 per cent, that the normal acidity of composite herd milk 
as received at the factory is 0.140 per cent and that where milk 
is handled in a cleanly and careful manner it will not be rejected 
on the basis of any acid test now in use by the manufacturers of 
milk products. The value of the acid test in checking the 
methods of production is, accordingly, clearly demonstrated and 
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its ('as(‘ of nppliratioii (*oin})iii(Ml witli this doinonstrated r(4ia- 
bility AViirraiits its ns(‘ until su(*h tiiuo as some other e(|ually 
ra])id and more d('])(aidal)l(^ method of d(4ermiiiin^’ tlu' (juality 
(4 milk shall haAT' Ixm^ii ])(aiected. (iraiitcul that the aeid test 
oe(*asioually d(4(M*1s milks whieh naturally liave an aeidity 
hifi,her than thc' standard, it must be admittc'd tliat such milk 
is abnormal and eoriK^s from abnormal (‘ows. That the (|uality 
of this milk may or may not b(‘ ])(K)r(a‘ does not enter into tlie 
(jU(*stion Sueh niilk is abnormal and jio ])raetiea] working 
s(*h('m(' (*[in allow foi' all abn()rmaliti(\s. Milk is oecnsionally 
found with butterfat or total solids eojitcmt below the legal 
minimum, but who would arguc‘ tluMc^from that the standards 
maintaiiK'd by FcHhanl, Stale* and Muiiieipal authorities sliould 
be low('r(Ml‘^ The ])(‘rc(*ntage of (*ows and herds showing ab- 
noi’inally high anid is so s?nal1 as to !)(* negligible and tin* nianu- 
faeturer is doing no injustiec* to the i)rodu(*(M* when he insists 
that all milk must lx* d(‘livered with an acridity below 0.17 or 
O.IS ]x‘r eejit, j)arti(*ularly wdien sueh a t(‘st is a])])lied as an ad- 
jiniet to th(' j]ose and j)alate of tlie (‘Xjx'iieneed inspector. 
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A MODERN CREAMERY OF THE MIDDLE WEST 

J. E. COLONNA 

Eaal Pittfihurg, Penufiylvania 

That modern creameries are tending towards electrification 
is illustrated in the recent installation made throughout the 
large model plant of the Peoria Creamery Company of Peoria, 
Illinois. 

The efficiency of electric motor drive hardly needs explana- 
tion in this electrical era. The neat, clean appearance of elec- 
trified creameries speak for themselves. Every machine has 
characteristics of its own with respect to continuous or inter- 
mittent service which in many cases is quite severe. Accord- 
ingly, the right motor is selected for the right kind of work — 
each machine suited to its exact needs. 

The electrical equipment in this creamery, a photograph of 
which is shown in figure 1, consists in part, of a 100-horse power 
motor, illustrated in figure 2, for one 125-ton ice machine, and 
a 40-horse power motor for a 50-ton ice machine. The motors 
for these two machines operate continuously. Four rotating 
chums, as shown in figures 3 and 4, are each geared to a 5-horse 
power motor. Note the suitable splash-protection which has 
been provided for these motors. Figure 5 shows two pasteur- 
izing machines which are operated by a 5-horse power motor. 

Among the various other machines that are electrically oper- 
ated and which one would expect to find in a modern plant of 
this kind, the freight elevator has not been excluded; but has 
also been assured of exceptionally smooth acceleration, by a 
30-horse power elevator motor and control. 

ITie advantages of electric drive are of vital interest to the 
creamery industry on account of the low operating cost, desir- 
able working conditions and the quality and quantity of the 
resulting output. 
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Fig 1 \ lE-w OF THh Ploria Cre \mert Company s Plant at Peoria, Illin oi s 
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Fig. 2. 100-Horse Power Motor Driving 125-Ton Ice Machine 
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Fig. 3. Kotating Churns Each Driven bt a 6-Hor8e Power Motor 
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1*10. 4, Rotating Cbvrn Showing Aptl.ication of Individual Motor Oriyb 



Fig. 5. Pastettriztng Machines both Operated by a 5-Horse Power Motor 



THE PROTEINS OF COTTONSEED MEAL* 

II. NUTRITIVE VALUE 
W. B. NEVENS 

Department of Animal Husbandry, University of Illinois, Urbana, Illinois 

I. REVIEW OF THE PREVIOUS WORK ON THE NUTRITIVE VALUE 
OF THE PROTEINS OF COTTONSEED MEAL 

Cottonseed meal and flour were found by Richardson and 
Green (1) to be satisfactory sources of protein for the growth 
of albino rats when these feeds furnished 18 per cent or more 
protein to the ration. Mendel (2) states that normal growth 
has been secured for considerable periods when the globulin of 
cottonseed was fed in suitable concentration, such concentra- 
tion having been determined by Osborne and Mendel (3) as 
18 per cent of the ration. The latter investigators (4) found 
that “Cottonseed flour forms a suitable adjuvant for the pro- 
teins of corn gluten,” producing “satisfactory increments of 
growth” in chickens. In further studies of the value of certain 
proteins as supplements to corn gluten, these authors (6) demon- 
strated that the proteins extracted from cottonseed flour by 
sodium hydroxide solution were efficient supplements to the 
proteins of com gluten for the growth of rats. The use of either 
the cottonseed globulin or the proteins precipitated from alkali 
extracts of cottonseed flour in an amount equal to 9 per cent of 
the ration resulted in “satisfactory growth” and when used to 
the extent of 6 per cent of the ration “considerable growth” 
was secured. This is interpreted as attesting the excellent 
quality of cottonseed protdns. McCollum and Simmonds (6), 
report the maintenance of body weights by rats fed a ration 
containing 6 per cent of protein derived from cottonseed. 

> The results presented in this paper formed part of a thesis submitted to the 
Graduate School of the University of Illinois in partial fulfillment of the require- 
ments for the degree of Doctor of Philosophy in Animal Husbandry, 

m 
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In studies of the relation of the quality of proteins to milk 
production, Hart and Humphrey (7) found mi equality in efB- 
oioicy of the proteins of gluten feed, oil meal, distillers’ grains 
and cottonseed meal as supplements to the proteins of corn 
meal and alfalfa hay. In later experiments (8) of the same 
nature, cottonseed meal proteins proved less efficient than the 
proteins of gluten feed, oil meal and distillers’ grains. In these 
experiments, howevm*, the proteins of the feedingstuff tested 
formed but 40 per cent or less of the protein content of the ration, 
and the results wete calculated upon the basis of the total nitro- 
gen absorbed by the animals. 

The digestibility of the proteins of cottonseed meal is stated 
by Fraps (9) to be 88.4 per cent in the case of steers and ^eep; 
by Henry and Morrison (10) as 84 per cent, for choice and prime 
cottonseed meal; by Mendel and Fine (11), who employed dogs 
as experimental animals, as 67 to 75 per cent compared to 88 to 
93 per cent for the proteins of meat; by Rather (12), using men 
as subjects, as 77.6 per cent in contrast to 96.6 per cent for the 
proteins of meat; and by Pomasld (13), who employed the gastric 
juice of the dc^, as 99 to 100 per cent. 

From a review of the literature, it is apparent that investi- 
gations upon the nutritive value of the proteins of cottonseed 
meal are quite limited in extmit. In the majority of experiments 
cited, the inV€»tigators drew their conclusions from the main- 
teoumoe of live wei^t, increase in live weight, state of health or 
combinations of these criteria. In most cases the amount of 
feed consumed is not recmded, so that it is impossible to judge 
wheihcr or not the results secured wmre due to a failure of the 
animals to consume a sufficient amount of feed to corm* their 
<m«[gy requiimiimits. In but one series of experimmts (7, 8), 
wevu ike emdkimom based i^cm metaboham studies. H«aee, 
Airter etudf ef ^ nutritive value of the protrins oot- 
tonMod ttiesl ecautitated the objeet igi the present investigation. 

7%e todricMbr eeaummui meal 

IMore pr<«bes<&)ig irilh rim invesrigarion, it was emfsiidered 
jsdjfMde 4o detectribae, so £ar as posable, whither or not the 
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toxic principle of cottonseed meal is associated with its proteins, 
and further, whether cottonseed meal would prove injurious 
to rats as has been found n4) in the case of many other species 
of animals. 

From an examination of the literature, it would seem that 
there is but little basis for attributing the toxicity of cottonseed 
meal to its proteins. The assumption that the high protein 
content of cottonseed meal is responsible for its harmful effects 
(15) was denied by Dinwiddie ( 16 ), wlio maintains that this 
theory is not supported by a study of the recorded feeding tests. 
Withers and Brewster (17) attributed the toxic principle of cot- 
tonseed meal to a certain group of the protein molecule which 
contains loosely bound sulphur, but later work by Withers and 
associates (18) led them to conclude that the toxicity is due to 
the presence of “gossypol, ” a definite chemical compound soluble 
in ether and aniline. They believe ‘ ‘ gossypol ” may be changed to 
a nearly related substance “ D-gossypol, ” the latter being in- 
soluble in ether but soluble in aniline. When in alcoholic solu- 
tion either of these compounds forms precipitates with the alco- 
hol soluble proteins of wheat flour and of cottonseed meal. They 
reason that the reduction of the toxicity of cottonseed meal by 
heating may be due to the inability of the anhnal to digest the 
‘ ‘ gossypol ’ ’ and ‘ ‘ D-gossypol ’ ’ protein compounds. The theory 
that gossypol is responsible for “cottonseed rneal injury” is 
strengthened by the work of Alsberg and Schwartz (19). 

In their series of feeding experiments with albino rats, Rich- 
ardson and Green (1) and Osborne and Mendel ( 5 ) observed no 
toxic effects, but the cottonseed kernels themselves proved 
toxic. 

In the light of the foregoing discussion, it seems very doubtful 
if the toxicity of cotton seed meal may be attributed to either 
its high protein content or to the character of the proteins which, 
it contains. Further, it seems clear that commercial cottonseed 
meal of good quality may provide practically the entire nitrog- 
enous components of the ration for albino rats over a con- 
siderable period of time with no injxirious effects becoming 
manifest. 
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n. METHODS EMPLOYED IN STUDYING THE NUTRITIVE VALUE 
OP THE PROTEINS OP COTTONSEED MEAL 

Object of feeding experiment. The object of this phase of the 
experiment was to study the nutritive value of the proteins of 
cottonseed meal and to compare their nutritive value with that 
of the proteins of corn and alfalfa hay for the growth of young 
albino rats. It was planned to feed rations containing a medium 
amount of protein, derived from the above mentioned sources, 
and by means of metabolism studies to determine the extent 
to which the proteins are utilized for maintenance and growth. 

General plan of experiment. Young male albino rats in vig- 
orous, healthy condition and having an initial weight of from 
100 to 140 grams were employed. The metabolism periods were 
each seven days in length, two such periods following each other 
without intermission with each of the experimental rations 
tested. Before the first metabolism period and whenever the 
rations were changed, a three day preliminary or transition period, 
during which the ration to be employed during the metabolism 
period was fed, was inserted. It was planned to feed the ani- 
mals as large amounts of the rations as they would consume, 
the daily feed allotment being slightly greater than the amount 
consumed. 

The rats were placed in individual glass crystallizing dishes 
inches in diameter and 3| inches in depth, inside measure- 
ments. The dishes were provided with weighted wire covers 
to which were attached large test tubes fitted with rubber stoppers 
and bent glass tubing, the latter extending downward through 
the wire cover. The test tubes were kept supplied with ammonia- 
free water. Large porcelain crucibles for receiving the feed 
were supported from the covers by means of wire frames. Crys- 
tallizing dishes of 60 mm. diameter were employed instead of 
the crucibles for rations containing alfalfa, which were very bulky. 
Ventilation was provided by means of a system of rubber tubes 
which conducted a current of compressed air to the bottom of 
each dish. From two to three sheets of filter paper, cut to fit 
the dishes, were placed in the bottom of each dish daily to 
absorb the urine. 
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Feces and urine were collected daily. In most cases the filter 
paper absorbed the urine completely, so that the feces were nearly 
always found dry. In a very few cases, particularly with ra- 
tions containing alfalfa which resulted in the production of 
very bulky feces, there was evidently absorption of urine by the 
feces, so that it was necessary to extract the feces once or twice 
with hot acidified water before collecting them. The feces were 
preserved under 95 per cent alcohol acidified slightly with sul- 
furic acid. At tlie end of each seven-day metabolism period, the 
feces were transferred to large Kjeldahl flasks and digested 
according to the to the Kjeldahl-Gunning-Arnold method with 
sulfuric acid, sodium sulfate and mercury. The resulting solu- 
tions were transferred to 500 cc. volumetric flasks and aliquots 
taken for distillation. 

After collecting the feces, the urine was extracted from the 
filter papers by washing with a stream of ammonia-free water 
acidified with sulfuric acid and held at nearly boiling tempera- 
ture. The filter paper was thoroughly pulped and pressed 
out after each extraction by means of a glass rod. From four 
to six extractions were made, using 40 to 60 cc. of water each 
time, the sides and bottom of the disli also being thoroughly 
washed. The extracts were filtered through glass wool into 
250 cc. volumetric flasks. The flasks were allowed to remain in 
the ice box over night. The solutions were then made up to 
volume at ice box temperature and transferred to 2.5 liter bottles 
which were kept in a cold storage room at a temperature of 
5° to 10° C. until analyzed. About 0.5 gram of powdered thymol 
was employed as a preservative in each bottle in which the week’s 
urine was collected. The composites were thoroughly mixed and 
aliquots measured out in the cold for total nitrogen determi- 
nations. 

The feed was weighed daily into the crucibles and mixed with a 
little nitrogen-free water to the consistency of a thick paste. 
The following day the feed residues were scraped out and dried 
in the same oven and at the same temperature as the rations 
used. In some cases the animals scattered the feed from the 
crucibles about the metabolism didi. In such cases the eed 
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remaining in the metabolism dish at the time of collecting the 
excreta was carefully separated and added to the feed residues. 
When thoroughly dry the weight of the feed residues was de- 
termined and the amount of feed actually consumed during the 
seven-day period calculated. By previous tests in this labora- 
tory it was found that the error involved in this calculation due to 
a difference in the moisture content of the residues and ration 
was less than 1 per cent, and further that the nitrogen contents 
of the residues and ration were identical (20). 

Preparation of rations. In preparing the experimental rations, 
the starch used was first dextrinized by heating on the steam 
bath after the addition of cold water and a few crystals of citric 
acid. When ground com formed one of the constituents of a 
ration, it was mixed with the starch and the starch of the mix- 
ture dextrinized. The other ingredients were then added, the 
agar being dissolved in boiling water and added at the boiling 
temperature. W^hen necessary more hot water was added and 
the ingredients thoroughly mixed. The rations were dried on 
glass plates, placed above the steam bath, finely ground and 
dried in an oven at a temperature of about 40°C. After drying 
for several days, the rations were mixed, sampled for analysis 
and placed in tightly covered glass jars. 

The nitrogen free ration consisted of the following: 


Salts. 

Butterfat 

Sucrose 

Starch 

Agar 

Water soluble vitamin, 150 mgm. of solids per 100 grams of ration. 


per cent 
6 
10 
8 
74 
3 


The composition of the other rations is shown in table 1. The 
salt mixture used was compounded according to the formula of 
Osborne and Mendel (21), while the water soluble vitamin 
consisted of Osborne and Wakeman’s (22) fraction II of the 
concentrated extract of the water soluble vitamin of brewers’ 
yeast. The stock supply of the latter was prepared in the form 
of a water solution which was preserved by means of a small 
quantity of chloroform and kept in the ice box. The butter- 
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fat was obtained by placing fresh creamery butter in large 
beakers, heating to a temperature of 60° to 60° on the steam 
bath, centrifuging for an hour or until the fat became water 
clear, and then siphoning off the clear fat. 

It was plaimed that all rations containing a protein feeding- 
stuff should carry 10 per cent of protein (N X 6.26), but the 
actual content of protein was slightly higher, ranging from 10.38 
per cent to 11.28 per cent, due to the fact that some of the con- 
stituents used in making up the ration had a slightly higher 
moisture content than the dried rations. 


TABLE 1 

Composition of experimental rations (expressed in percentage) 


Cottonseed meal 23 9 

Corn 

Alfalfa hay 

Starch 55 1 

Agar 3 0 

Sucrose 5.0 

Butterfat 10 0 

Salts 3 0 



13 1 

32 3 28.4 


10 3 7.7 

19.3 


3 0 3 0 3.0 3.0 3.0 3.0 



Total 

100.0 

100 0 100 

0 

100.0 

100 0 

100.0 100.0 

Total nitrogen content. 

1.750 

1.660 1 

,806 

1.777 

1.708 

1.790 1.782 


* Water soluble vitamin preparation added at the rate of 1.5 mgm. of solids 
per gram of ration to rations 1 and 4. 


In preparing the rations in which two or more feedingstuflfs 
were combined an effort was made to have each feedingstuff 
furnish an equal amount of digestible protein, using the coeffi- 
cients of digestibility secured in period 2 as a basis for calcula- 
tion, but keeping the total content of crude protein the same 
throughout the experiment, namely, 10 per cent. 

The cottonseed meal used in the rations was a part of the same 
sample which was employed in the analytical study presented 
in a preceding paper. Through the courtesy of the Plant Breed- 
ing Division of the Agronomy Department of this univerelty a 
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quantity of “high protein” corn containing 2.2 per cent nitro- 
gen was secured, which made it possible to formulate a suitable 
corn ration containing 10 per cent protein. All of the feeding- 
stuffs used were in a finely ground condition before compounding 
the rations. 

Accuracy of metabolism work with small animals. Since the 
accuracy of metabolism work depends in large measure upon the 
accuracy of the collection of the excreta, especially when such 
small amounts of nitrogen are involved as in the case of the 
smaller laboratory animals, several experiments were carried 
out to test the accuracy of the methods employed. 

Each day during period 6, when 6 rats were receiving the same 
feed mixture, the paper residues remaining after extraction of 
the urine were collected in glass jars and placed in the ice box. 
At the end of the metabolism period, the entire mass of residues, 
including the glass wool used in filtration, was transferred to a 
2 liter beaker and boiled for some time with about 1 liter of 
water acidified with sulphuric acid. The extracts were decanted 
and the procedure repeated, the acidified water being pressed 
out from the residues. The extracts were filtered through glass 
wool, evaporated on the steam bath and transferred to Kjeldahl 
flasks for total nitrogen determination. The paper residues 
also, together witli the glass w’ool, were transferred to large 
Kjeldahl flasks, and total nitrogen determined. The results of 
these determinations are show'n in table 2. The nitrogen ex- 
tracted in the procedure described just above is assumed to be of 
urinary origin and is compared to the total amount of urinary 
nitrogen excreted during the week. It is shown that, as an 
average of 6 such determinations, the error in the collection of 
urine amounted to 2.0 per cent of the total nitrogen. 

The nitrogen remaining in the paper residues which was not 
extracted by boiling with acidified water was assumed to be 
fecal nitrogen. In collecting the feces it was sometimes impos- 
sible to entirely remove the fecal matter from the filter papers, 
especially when the rations tended to cause a laxative condition. 
Such a condition was not a constant effect with any ration em- 
ployed, but was more frequent with rations containii^ alfalfa. 
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With the latter rations, three filter papers were generally placed 
in each dish daily, while with the other rations two papers were 
used. Analysis of the filter paper showed that seven filter papers 
of the size used contained 1.06 mgm. of nitrogen. In making 
the calculations shown in table 2 it was assumed that the nitro- 
gen originally contained in the filter papers was insoluble in the 
hot dilute acid employed in extraction and this has been de- 
ducted from the non-extractable nitrogen remaining in the 
paper residues. To the extent that such nitrogen is soluble in 


TABLE 2 

Test of the completeness of extraction of nitrogen from filter papers used as 
nhsorhenls during one m.etahoUsm period 


RAT MtiMBtSK 

<< ^ 
ti M 
o 

W 

o 

» 

2 

w 

h 

OS 

< 

2« 

Is 

H 

ERROR IN COLLEC- 
TION or URINE 

H 0) 

m 

< p. 

B * 

K in 

o 

o 

s 

^ M 

5?; 

.j 

>< 

h 

n 

H 

ERROR IN COLLEC- 
TION OF FECES 

^ k 
'A S 

M OB 

TOTAL N OF EX- 
CRETA FOR PE- 
RIOD 

TOTAL ERROR IN 
COLLECTION 


mgm. 

mgm. 

mgm. 

per 

cent 

mgm. 

mgm. 

mgm. 

per 

cent 

mgm. 

mgm. 

per 

cent 

2 

12 5 

558.4 

570 9 

2 2 

25 5 

546 8 

572 3 

4 5 

1143 2 


3 3 

3 

15.9 

716 3 

732.2 

2.2 

25.8 

833 7 

859.5 

Klil 

1591.7 

41.7 

2 6 

5 

9 0 

619 3 

628 3 

1 4 

22 2 

645 3 

667.5 

3.3 

1295 8 

29.2 

2 3 

6 

13 2 

541 0 

554 2 

2 4 


615.8 

635 9 

3 2 

1190 1 

33.3 

2.8 

8 

11 5 

652 5 

664 0 

1.7 

12 9 

672 0 

684 9 

1 9 

1348.9 

24.4 

1.8 

9 

18.3 

764 3 

782 6 

2 3 


602.0 

630.0 

4 4 

1412 6 

46.3 

3.3 

Average 

13 4 


a55.4 


22 4 



3 3 


35.5 

2 7 


♦ After deduction of nitrogen contained in same number of clean filter papers. 


hot dilute acid, however, it would tend to offset to a small degree 
the losses in the collection of urine, although the correction would 
not be in proportion to the variable total urinary nitrogen. The 
error in the collection of feces was found to be 3.3 per cent, using 
the avera^ of six determinations, or, comparing ^e total nitro- 
gen lost to the total nitrogen excreted in urine and feces during 
the week, the total error in the collection of both feces and urine 
is 2.7 per cent. 

The results obtained in this test were applied to the metabdhsm 
data for period 6, the period during which this test was conducted, 
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to determine what effect the incomplete collection of the ex- 
creta has upon the utilization coefficients. It is evident that 
an error in the collection of the excreta is reffected directly in 
the nitrogen balance and in the percentage utilization. Using 
the average values given in table 2 of 13.4 mgm. of nitrogen 
representing uncollected urine and 22.4 mgm. of nitrogen repre- 
senting uncollected urine and 22.4 mgm. of nitrogen representing 
uncollected feces during a seven day period, and applying them 
to the data for the individual animals during period 6 it is found 
that the percentages of utilization of absorbed nitrogen as given 
in the tables are approximately 2 per cent too high, while the 
percentages of absorbed nitrogen retained are slightly more than 
3 per cent too high. Like results are obtained for period 7 
during which the animals received the same ration as in period 6. 

The completeness of the collection of urine was tested in 
still another way, that of tlie recovery of urea which was added 
in the form of a standard solution to the daily feed. Two mature 
rats were employed in the test. After the excretion of urinary 
nitrogen had been reduced to a nearly constant level by sub- 
sistence on protein free rations for seven days, known amounts 
of urea were added to the ration. 

The excretion of this extra nitrogen was very prompt, as indi- 
cated by the results of tlie test as shown in table 3. In the 
case of rat 10, the results are somewhat difficult to interpret, 
owing to the fact that the consumption of feed decreased rapidly, 
evidently resulting in catabolism of small amounts of body pro- 
tein to furnish energy for the body. By using the figures for 
the average excretion of nitrogen during the three days prelimi- 
nary to the first urea day as the level of the endogenous nitro- 
gen during the three urea days, the apparent recovery of the 
urea nitrogen amounted to 119 per cent. Similar results are 
obtained if the average nitrogen excretion during the prelimi- 
nary and subsequent periods are employed. If it be assumed that, 
owing to a decrease in feed consumption below that of the energy 
requirements, the endogenous nitrogen should be taken as cor- 
responding to that in the subsequent period, then the recovery 
of the urea nitrogen was approximately 100 per cent. Undue 
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emphasis should not be placed upon the results given by this 
animal, however. 

With rat 11 more reliable data were obtained as it was not 
evident that the feed consumptipn was deficient in meeting 
the energy requirements. By using the average nitrogen excre- 
tion during both preliminary and subsequent periods as the 
level of the amount of body nitrogen excreted, the recovery of 

TABLE 3 


l^est of the completeness of collection of urine by addition of urea to the ration 


DAY 

LIVE WEIGHT 

FEED EATEN 

TTREA N ADDED 

DAILY URINARY N 

Rat 10 


grama 

grams 

mgm. 

mgm» 

1 

182 

10.5 

0 

35.6 

2 


10.5 

0 

24.0 

3 


10 5 

0 

23.5 

4 

178 

6.1 

42.1 

74.6 

5 


6 1 

42.1 

83.0 

6 


6.1 

42.1 

76.0 

7 


.4.6 

0 

a5.9 

8 

167 j 

6.6 

0 i 

35.8 

Rat 11 

1 

176 

7.2 

0 

42 8 

2 


7.2 

0 

30.2 

3 


7.2 

0 

39.8 

4 


7.7 

56.5 ' 

82.8 

5 


- 7.7 

56.5 

101.8 

6 


5.4 

0 

37.5 

7 

164 

5.4 

0 

29.3 


urea nitrogen amounted to 95 per cent of that fed. If the aver- 
age of the amounts of nitrogen excreted during days 3 and 6 be 
used as this level, then the recovery of urea nitrogen was prac- 
tically 100 per cent. ^ 

It is evident from the data presented concerning the recovery 
of urea nitrogen that the method for the collection of urine as 
employed in these experiments, gives very nearly quantitative 
results. 
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Further tests of the metabolism method employed, which were 
performed in this laboratory and are described below, show that 
loss of ammonia due to bacterial decomposition of the urine does 
not occur to any appreciable extent. 

In the first test, three portions of urine of 5 cc. each were 
measured out for total nitrogen deteiTnination. At the same 
time 5 cc. portions of urine were added to each of six metabolism 
dishes containing the usual number of filter papers. Three of 
these dishes were allowed to stand at room temperature in the 
metabolism laboratory, while the remaining three were placed 
in an oven at a temperature of about 40°C. At the end of twenty- 
four hours, the urine was collected from all six dishes in the same 
manner as employed in the metabolism work, i.e., by washing 
with hot a<!idified water. As a result of this test it was found 
that 5 cc. of urine contained 28.18 rngm. of nitrogen, while the 
amounts of nitrogen recovered from the dishes kept for twenty- 
four hours at room temperature and at 40°C. were, respectively, 
27.61 rngm. and 27.54 rngm. 

In the second of these tests, the uriire from one rat receiving a 
constant amount of the same ration was collected daily. On the 
first, third, and fifth days the urine was collected at once by 
washing with acidified water in the u.sual manner. The urine was 
made up to a volume of 250 cc. and aliquots taken at once for 
total nitrogen determinations. 

On the alternate days the urine was not collected at the end of 
the twenty-four hour period, but the filter paper w'as moistened 
and the dish allowed to stand another twenty-four hours in the 
metabolism laboratory before extraction in the usual maner. 
The rat meanwhile was transferred to a clean dish. At the end 
of the second day the urine was collected by w'ashing as usual, 
made up to volume, and aliquots taken for total nitrogen deter- 
mination. The results of the test are shown in table 4. It is 
evident that there was no appreciable loss of nitrogen due to 
bacterial decomposition even after the metabolism dishes had 
stood for two days. 

How shall the nutritive value of proteins be compared? In 
attempting to compare the biological values of various feeding- 
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stuffs, it is first uecessary to select a suitable basis for compari- 
son. Several different methods for comparison are in use. As 
pointed out in the introduction on&of the most common methods 
is to base conclusions upon the character of the growth secured, 
the principal index in such a case being the gain in live weight. 
Some of the data from table 1 of the appendix are brought 
together in table 5. These data were all obtained in periods 2 
and 3. The rats consuming the cottonseed meal ration showed 
marked fluctuations in gain in live weight which can not be ac- 
counted for on the basis of a variable food intake. With the 
corn ration, there was a gain in weight by one rat in one period 


TABLE 4 

Effect of allomng metabolism dishes to stand twenty-four hours and forty-eight 
hours h'^forc the collection of urine 


DAY OP KXPEHtMKNT 

DAILY rWINARY N WHEN j 

f’OLLKCTED AT END OF TWENTY- ' 
rOUH HOUtoS 

DMLY T’UINAKV N \VI!K.\ 
rOLLKCTKD AT FND OP FOHTY- 
ICIOUT HOrKH 


mgm. 

nifftn. 

1 

'67.9 


2 


64.9 

3 

60.8 


4 


67,3 

5 

63.2 


6 


60 3 

Average 

60 0 

62.1 


only. The nitrogen of the ration, however, was being used by 
the body to a considerable extent, for on a nitrogen-free ration 
the same animals lost 16 to 19 grams in weight during a period 
of equal length, compared to 1 to 2 grams on the com ration. 
Likewise, there was also a Jarge variation in gains in weight by 
the rats receiving the alfalfa ration, the average gains of rats 
7 and 8 being almost zero. It is probable that many factors 
other than the quality and amount of the protein consumed 
influence the gain in weight, such as the proportion of carbohy- 
drates in the ration, amount of water drank, exercise, the pro- 
portions of gain which is protein or fat, etc. While interpretar 
tions based upon the gain in live weight may lead to reliable 
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conclusions in some instances, the adoption of such a criterion 
in the present case would certainly be a fallacious procedure. 

It is a matter of common knowledge that all animals require 
protein food for keeping the body tissues intact, known as the 
maintenance requirement, and secondly, that growing animals 
need an additional quantity of protein for the construction 
of new tissue. If a standard for the comparison of the value of 
the proteins of feedingstuffs for growth is based simply upon the 
proportion of the nitrogen of the feetlingstuff which is retained 
by th<* body, the values secured in such a manner are subject 
to gross errors. With such a method of computation the ap- 
parent value of the proteins for growth depends largely upon the 
nitrogen intake, or, in other words, upon the amount of feed 
eaten, and this in turn is subject to individual idios 3 mcracy and 
the palatabiliiy of the ration. As mentioned elsewhere, when 
the ration proves unsatisfactory, rats tend to eat less and loss 
from day to day. By reference to table 5 it may be seen that 
both rats 5 and 6 ate less of the corn ration during period 3 
than during period 2. Rat 5, during period 2, retained 16 per 
cent of tlxe nitrogen absorbed, but during period 3, when the 
amount of feed consumed was evidently too little to maintain 
the animal’s live weight, the nitrogen of the excreta was greater 
than the nitrogen intake, so that there was a loss of nitrogen from 
the body resulting in a negative value for tlxe percentage of 
absorbed nitrogen retained. Similarly, the percentage of ab- 
sorbed nitrogen retained by rat 6 falls from 23 per cent in period 
2 to 9 per cent in period 3, a change which in this instance may 
also be attributed to a decreased food intake. Were the average 
percentage of the absorbed nitrogen retained by rats 5 and 6 
taken as a measure of the utilization of the proteins of corn for 
growth, it would be a distorted picture of the facts. 

There seem to be factors other than the amount of feed con- 
sumed which render the use of the percentage of absorbed nitro- 
gen retained an unsatisfactory criterion of the utilization value of 
the proteins of feedingstuffs. As may be seen by reference to 
table 6, the percentage of nitrogen retained by rat 7 in periods 
2 and 3 falls from 23 per cent to 8 per cent, and in the case of 
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rat 8 the percentage falls from 16 per cent in period 2 to 6 per 
cent in period 3. These violent fluctuations are not due entirely 
to a decreased nitrogen intake, for in the case of rat 7 the 
feed intake increased slightly during the second period. They 
are, however, associated with a slightly decreased digestibility, 
although there may be other causative factors. 

TABLE 5 


A comparison of three methods of expressing the utilization of proteins 


BAT 

NC&fBBB 

PERIOD 

RATION 

PEED 

CONSUMED 

DAILY 

GAIN 

IN WEIGHT 
FOB 
PERIOD 

UTILWA- 
TioN or 
ABSORBED 
N FOB 
MAINTE- 
NANCE AND 
GROWTH* 

ABSORBED 

N 

RETAINED* 

1 


Cottonseed meal 

gm, 

9.52 


per cent 

63 

per cent 

31 

1 


Cottonseed meal 

9.48 


65 

29 

2 


Cottonseed meal 

8 66 


64 

21 

2 


Cottonseed meal 

8 57 


64 

17 

3 


Cottonseed meal 

11.51 

12 

71 

44 

3 


Cottonseed meal 

12.47 

11 1 

70 

43 

4 

2 

Corn 

7 44 i 

2 

49 

15 

4 

3 

Corn 


0 

47 

15 

5 

2 

Corn 

7 66 

0 

54 

16 

5 

3 

Corn 

6.30 

-1 

43 


6 

2 

Corn 



55 

23 

6 

3 

Corn 

6 35 

-2 

48 

9 

7 

2 

Alfalfa haj'- 

9.33 

6 . 

62 

23 

7 

3 

Alfalfa hay 

9 50 

-5 

57 

8 

8 

2 

Alfalfa hay 

9.19 

2 

58 

16 

8 

3 

Alfalfa hay 


~2 

57 

6 

9 

2 

Alfalfa hay 

11.42 

3 

67 

22 

9 

3 

Alfalfa hay 

13.67 

7 

73 

38 


^ For method of calculation of these percentages, see table 1 of the appendix. 


Any suitable criterion used in feeding experiments for the 
comparison of the utilization of proteins for growing animals 
must necessarily consider the effect of the proteins in providing 
nitrogen for maintenance, for in growing animals these processes 
proceed concurrently. It is doubtful if the true protein require- 
ment for the maintenance of a growing animal can be determined 
by feeding a ration containing protein, for Waters (23) has shown 
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that when young steers received a ration which just maintained 
their live weight some of the growth processes continued. Simi- 
lar results were obtained by Aron (24). 

Perhaps the nearest approach to the determination of the 
exact amount of nitrogen required for the maintenance of a 
growing animal is a study of the nitrogen excretion when the 
ration consists entirely of carbohydrates and this is being taken 
in an amount in excess of the body’s energy requirement. Under 
such conditions the nitrogen excretion falls to a very low level, 
often to one third or less of that during starvation, as shown by 
Folin (25), Landergrcn (26), Cathcart (27) and Thomas (28). 
The amount of protein then being catabolized has been defined by 
Rubner (29) as the “wear and tear” quota of protein metabolism, 
which requires a “repair quota” of protein in the diet in order 
to replace it. A “growth quota” must be supplied the young 
animal in addition to the “repair quota” in order that growth 
may take place. Using dogs as experimental animals, Michaud 
(30) found, when protein in the form of casein or dog tissue 
was fed in amounts equivalent to the protein minimum after 
the metabolism had been reduced to this level, that there was 
no further loss of nitrogen from the body. Thomas (28) found, 
after the reduction of the nitrogen excretion by a carbohy- 
drate diet to the minimum level, that nitrogen equilibrium could 
be restored by the ingestion of an amount of protein nitrogen 
in the diet equal to the amount of nitrogen being eliminated in 
the excreta. 

On a nitrogen-free diet the amount of nitrogen excreted daily in 
the feces was about 1 gram, and this amount was not increased 
with a nitrogen intake of 3 grams furnished by a highly diges- 
tible protein. With diets producing a large bulk of feces he 
found that a greater proportion of digestive juices was elimi- 
nated, increasing the nitrogen content of the feces. 

In the interpretation of the feeding experiments which follow 
it is assumed that the amount of protein required for body main- 
tenance is a constant value for each individual at a given weight. 
Such an assumption is entirely in harmony with the theories of 
many investigators in the fields of both human and animal nu- 
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trition. Folin (25), as a result of his study of the different forms 
in which nitrogen is excreted on high and low protein diets, was 
led to formulate his theory of two distinct types of metabolism. 
The endogenous is most characteristically represented by the 
excretion of creatinine, which, “on a meat-free diet is a constant 
quantity, different for different individuals, but wholly inde- 
pendent of quantitative changes in the total amount of nitrogen 
eliminated.” Folin’s results have been substantiated by an 
immense amount of investigation concerning urinary creatinine, 
and his theory of protein metabolism is now almost universally 
accepted in its main essentials, although it has been necessary 
to modify this view slightly with our increased knowledge of the 
chemistry of the proteins. 

The constancy of the protein minimum for the individual is 
accepted by Lusk, ^’hornas and others. That this minimum 
differs between individuals and is subject to slight variation due 
to environmental, temperamental and dietary changes, possi- 
bilities which are not precluded by Folin’s theory, is brought out 
by Cathcart (31) ; 

As regards the uniformity of the protein minimum it may be defi- 
nitely stated that there is no single minimum — common to all men and 
to all conditions. Rubner, Caspari and others also hold firmly to this 
opinion. Caspari quotes the work of Larguier des Bancels in 1903 
in confirmation of this belief in the existence of mutiple protein minima. 
The facts that can be cited against a common minimum are many in 
number. Thus the caloric value of the diet given influences very 
materially the amount of nitrogenous material required, as is shown, 
for example, in the experiments of Voit and Korkunoff. Then, as 
Rubner has pointed out, the temperature influences quite markedly 
the course of protein metabolism. Finally, another factor of consid- 
erable importance may be mentioned, the activity of the organism. 

In the sphere of animal nutrition, the constancy of the main- ‘ 
tenan(!e requirement for farm animals is recognized by Kellner, 
Armsby and Haecker. C. Voit and Kellner also proved conclu- 
sively that work production of varying intensity by farm animals 
does not increase the protein metabolism appreciably. 
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In this connection it should be stated that some of the cur- 
rent theories of protein metabolism are not in complete harmony 
with that just mentioned. Among these are the reversible reac- 
tion theory of Sherman (32), which seeks to account for the func- 
tions which the food protein serves in body maintenance by the 
assumption that the absorption of the amino acids liberated in 
digestion causes an increased concentration of these in the tis- 
sues which checks or even reverses the hydrolysis of tissue protein. 
This theory is hardly compatible with the known facts regarding 
the constancy of the endogenous metabolism, which has been 
found (33) to be uniform from hour to hour, as evidenced by the 
creatinine elimination, even during digestion and absorption of 
proteins. Absorption of the protein digestion products from the 
alimentary tract pn-sumably occupies only a portion of the 
twenty-four hour period, so that even if the endogenous catab- 
olism were inhibited by the increase<l concentration of amino 
acids, it would be only temporarj”, for it has been shown (34) 
that, in adult rats, protein feeding has only a very slight effect 
upon the amino acid concentration in the tissues. This known 
slight increase in the amino acid content of the tissues during 
digestion would not be of sufficient magnitude to inhibit the 
action of digestive enzymes when a digestion experiment is 
conducted in vitro. Further, it is unreasonable to assume that 
anabolism and catabolism of tissue proteins are simply rever- 
sible phases of the same reaction and that both these processes 
are promoted by the same enzyme. In the young growing 
animal protein feeding has been demonstrated (34) to increase 
considerably the amino acid content in the tissues. Were the 
endogenous metabolism inhibited entirely during the time this 
concentration is maintained, as must be assumed from the re- 
versible reaction theory, then the catabolism of tissue protein 
per unit of weight in the young growing animal would be but a 
fraction of that of a mature animal. 

Osborne and Mendel (35) explain the maintenance protein 
requirement upon the need of certain amino acids to serve special 
physiological functions, such as the formation of the active prin- 
ciples of the internal secretions and hormones. This theory 
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assumes, therefore, that when the animal is receiving a nitrogen- 
free ration, body tissue must be catabolized to furnish the essen- 
tial amino acids, but that, on the other hand, when a ration con- 
taining a complete assortment of anrino acids in sufficient amount 
is being consumed the endogenous metabolism is only a frac- 
tion of that on a non-nitrogenous ration, and that then only 
the catabolism of the internal secretions or the tissues which 
regulate metabolism would be affectetl. Under these condi- 
tions the muscles would scarcely be affected and the creatinine 
elimination w’ould bear little relation to the endogenous metab- 
olism. Moreover, the theory does not satisfactorily account 
for the effect of ammonium salts, mixtures of amino acids and 
single amino acids in partially supplying nitrogen for main- 
tenance. 

Since the plan of procedure and method of calculation employed 
in this investigation are dependent primarily upon the basic 
assumption that the endogenous metabolism of the animal or- 
ganism is constant in character and amount for an individual 
at a given age and weight, an examination of the data obtained 
during all the metabolism periods was made in order to ascer- 
tain, if possible, whether this assumption is substantiated by 
the experimental results at hand. In making this examination, 
the data embodied in appendix table 1 were employed to obtain 
the first set of values shown in the column headed “As deter- 
mined” under each “period” of table 6. These values were 
obtained by deducting the sum of the endogenous nitrogen and 
the metabolic nitrogen in the feces from the daily urinary nitro- 
gen and calculating the percentage of the daily nitrogen intake 
which the remainder forms. The second column of values under 
each “period, ” headed “As calculated, ” was obtained in the same 
way as those in the first column, except that the average value 
for daily urinary nitrogen as determined with nine rats in period 
1, i.e., 22 mgm. per 100 grams live weight, is used in calculating 
the “endogenous nitrogen” for periods 2 to 7, inclusive, instead 
of the individual values determined in the same period. 

It is shown in table 6 that the individual daily urinary nitrogen 
values for rats 2, 5, and 9 are above the average, while those for 
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rats 3, 6 and 8 are below the average. Hence, for comparison, 
rats 2 and 3, 5 and 6, and 8 and 9 are arranged in pairs. The 
rats of each pair received the same rations throughout the ex- 
periment. It is natural to assume that two animals of the 
same age and weight and in a comparable nutritive condition 
will utilize the same ration with an equal degree of efficiency, 
subject of course to inherent individual variability. By refer- 
ence to table 6, it may be noted that this holds true to a very 
great extent, although the natural variations to be expected in 
biological work of this kind are in evidence. 


TABI,E 6 

The pro port i<ni of (he daily rutake of nitrogen abate jnouifenance irhich appears 
in the nnne (expre<<sed in percentage) 



PERIOD 2 

PERIOD 3 

PERIOD 4 

PERIOD 5 

1 PLUTOD 6 

PERIOD 7 

RAT Nl MHER 

As 

(h'tn- 

mined 

Ab 

calcH- 

Ittfpd 

Ab 

(letci- 

rninod 

As 

rah'u- 

latfd 

1 As 

jmiiH'd 

As 

calcu- 

liitod 

As 1 

iJftOT- 

rruiipdi 

As 

calcvi- 

latpd 

As 

ijpfpr- 

minrd 

As 

rjileu- 

latPd 

As 

dotpr-! 

mined 

As 

calcu- 

lated 

2 1 

12 0 

10 3 

9 8 

13 1 

1 7 

5 3 

8 3 ' 

12 4 

8 9 

13 4 

8.8 1 

13 7 

3 

8 8 : 

8 3 

9 4 1 

8 9 

7 8 

1 

7 2 

7 3 

6 9 

9 9 

9 3 

9 9 

9 2 

5 

26 5 

29 1 ' 

35 0 

38 2 

18 7 

1 

21 0 

18 5 

21 1 

12 3 

14 4 

11 4 

13 7 

6 

23 9 

20 0 

31 3 

26 7 

21 0 

17 5 

16 4 

12 3 

il2 6 

1 

9 5 

14.0 

11.1 

1 

8 

9 1 

7.4 

7.8 

5 8 

15 0 

|l4 3 

10 4 

S.9 

il4 3 

12.5 

9.7 

1 7.7 

9 

4 1 

1 

1 9 

3 1 

15 8 

17.3 

1 

|14 9 

16 4 

16 0 

17 6 

16.4 

1 

18.1 


Considering first the values listed under the headings "As 
determined" in each period it is evident that tliere is a marked 
uniformity exhibited by the animals of each pair throughout the 
different experimental periods with but few exceptions. For 
example, it is shown that rats 2 and 3 eliminate in the urine 
about the same proportion of tlie nitrogen intake above main- 
tenance "as determined,” with the exception of periods 2 and 
4. Rais 5 and 6 show quite uniform results throughout the 
entire six periods. Rats 8 and 9 do not very widely from each 
other in periods 4, 5 and 6. IVIoreover, certain rations seem to 
have a pronounced effect on these percentages. Rats 5 and 6 
received the corn ration during periods 2 and 3, and the corn- 
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cottonseed meal ration during periods 4 and 5, With both of 
these rations, the proportion of the daily nitrogen intake elimi- 
nated in the urine was greater than with the other rations, but 
both animals behaved alike in this, respect. 

On the other hand, when the average values for the endoge- 
nous nitrogen of the urine are used in calculating maintenance, the 
variations in the percentages of the nitrogen intake above main- 
tenance appearing in the urine of the animals of each pair are 
greatly exaggerated in 14 of the 18 cases involved, as shown under 
the headings “As calculated.” In one of the four cases, that of 
rats 5 and 6, period 7, there is no change. In the other three 
cases, those of rats 2 and 3, period 4, and rats 8 and 9, periods 
2 and 3, the spread is lessened slightly. In many cases the use 
of an average maintenance factor increases the spread between 
the animals of a pair as much as 200 per cent. These data seem 
to indicate quite conclusively that the endogenous metabolism 
is a function of the individual animal and that this is a definite 
and probably constant value under a given set of conditions. 
This is quite in harmony with the theory of Folin (25) respecting 
the constancy of endogenous metabolism. In calculating the 
results of these experiments, therefore, the use of individual 
maintenance values is evidently justifiable. 

If, having determined the minimal “wear and tear” quota of 
an animal by appropriate metabolism experiments, feeding 
tests are then initiated to study the utilization of the proteins of 
feedingstuffs by that animal, it is possible to calculate the pro- 
portion of the nitrogen excreted in the urine which is of endoge- 
nous origin and likewise the amount of fecal nitrogen whose source 
is metabolic. This method follows closely that of Thomas (28) 
in calculating the biological values of foodstuffs. Such a criterion 
evaluates the proportion of the nitrogen of the food which is 
actually utilized by the animal in its metabolism, whether the 
animal is consuming an amount of protein which is not quite 
sufficient for it to maintain its live weight, or whether growth is 
permitted. The values obtained by applying this method of 
calculation to the data of metabolism periods 2 and 3 are shown 
in the last column of table 5. An inspection of these values 
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shows that this method overcomes some of the objections raised 
to the other methods. When the gain in live weight falls to 
zero or a little below, but at the same tim(‘ it is evident that some 
of the nitrogen of the ration is being used by the animal, the 
percentage “utilization of the alisorbed nitrogen for mainte- 
nance and growth” is lowered, but is, nevertheless, a very dis- 
tinct positive value. With a slight decrease in food intake, there 
is usually a corresponding fall in the “utilization of absorbed 
nitrogen for maintenanet' and growth” coefficient, but this 
decrease' is not so extreme as when the results are calculated upon 
the basis of the “absorbed nitrogen retained.” Moreover, a 
decr('as(' in the feed intake to just below the maintenance level 
does not result in a negative value. On the whole the “utiliza- 
tion of absorbed nitrogen for maintenance and growth” coeffi- 
eient.s an; much less variable than those of the “absorbed nitro- 
g(nx retained.” The former method is subject to a coefficient 
of variability of 8.4 per cent when all of the values obtained in 
the six metaboli.sm periods are considc'red, and a mean is assumed 
for each ration. iSimilarly, the same values when calculated 
upon the basis of the percentage of “absorbed nitrogen retained” 
have a coefficient of variability of 27.7 per c('nt, a striking and 
important difference. 

In this investigation, therefore, the endogenous metabolism 
of the experimental animals was studied during a metabolism 
periwl in which a nitrogen-free ration was fed, and this was fol- 
lowed by six metabolism periods in which the proteins of cot- 
tonseed meal were compared with those of corn and alfalfa hay. 

HI. DISCUSSION OF THE RESULTS 

Metabolism of the rat on a nitrogen-free ration. During the 
first eleven days of tlie experiment the rats w'hich had been con- 
suming an ordinary stock ration were given nitrogen-free rations 
prepared as described above. On the fifth day collection of the 
feces and urine was begun, and continued for seven days. In 
order to check the results secured during the first period of the 
experiment, three of the rats were again placed on nitrogen-free 
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rations during period 6, after having received nitrogenous rations 
during the intervening time. The principal data of these trials 
are included in table 7. The rats lost slightly more than 2 grams 
of weight per head daily. For the first few days of the period the 
animals ate the ration in large quantities, but as they apparently 
found the feed unsatisfactory, they consumed smaller and smaller 

TABLE 7 


Metabolism of the rat when receiving a nitrogen free ration 


BAT 

KUMBEB 

PEBIOD 

INITIAL 

WEIGHT 

FINAL 

WEIGHT 

AVEBAOE 

FEED 

CONSUMED 

DAILY 

DAILY 

URINARY 

NITROGEN 

DAILY 

FECAL 

NITROGEN 

DAILY 
URINARY 
N PER 
100 GRAMS 
LIVE 
WEIGHT 

FECAL 

NITROGEN 

PER 

too GRAMS 
FEED 



Qram& 

gramn 

grams 

mgm. 

mgm. 

mgm. 

mgm. 

1 

1 

99 

88 

6.61 

25 

17 

27 

253 

2 

1 

118 

102 

7 43 

31 

19 

28 

255 

3 

1 

134 

116 

9.07 

26 

24 

21 

259 

4 

1 

135 

118 

8.79 

24 

22 

19 

251 

5 

1 

120 

104 

7,29 

28 

20 

25 

273 

6 

1 

129 

no 

7.86 

21 

21 

18 

270 

7 

1 

123 

107 

7.43 

23 

20 

20 

266 

8 

1 

122 

109 

8,14 

22 

24 

19 

298 

9 

1 

126 

114 

7.43 

29 

18 

25 

246 

Average 




7.78 



22 

264 

i 

1 

6 

113 

102 


22 

19 

20 

306 

4 

6 

mm 



16 

20 

15 

223 

7 

6 

■n 

mm 

4.76 

24 

17 * 

21 

357 

Average 




6.63 



19 

295 


amounts from day to day, and a few of the animals scattered the 
feed from the containers at once upon being fed. 

It was found that, while subject to some individual variation, 
the amount of urinary nitrogen per 100 grams of live weight is 
fairly constant, the average value of 22.4 mgm. obtained agreeing, 
almost exactly with that found by Mitchell (20) in a large num- 
ber of metabolism periods. From the results secured in period 
6 it appears that there is a slightly less intense endogenous metab- 
olism as the animal becomes older, as evidenced by a decreased 
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excretion of urinary nitrogen per 100 grams live weight. The 
slight increase in the case of rat 7 during period 6 as compared 
with period 1 is evidently due to a deficient food consumption 
during the former period, necessitating the catabolism of body 
protein to furnish energy. The individual values obtained in 
period 1 for urinary nitrogen per 100 grams live weight are used 
in the subsequent tables for calculating the utilization of the 
various rations, the values always being corrected to the average 
live weight of the particular animal during that period. 

The quantity of fecal nitrogen per 100 grams feed when the 
rat is consuming a nitrogen-free ration is quite a constant factor, 
although this relationship seems to be affected somewhat by ex- 
tremes in the amount of feed consumed, as may be noted in the 
case of rats 4 and 7, perio<l 6. Perhaps a more potent factor in 
causing this fluctuation is the varying amount of filter paper 
eaten, as found by Mitchell (20) in an experiment in this labora- 
tory in which rats during one period had no access to filter paper 
and during the other actually consumed some paper. 

It is recognized that the calculation of the metabolic nitrogen 
in the feces by the method described is subject to an error when 
applied to a variety of rations. Were the content of crude fiber 
in all rations the same as in the synthetic nitrogen-free ration, 
the assumption that the metabolic nitrogen of the feces varies 
directly with the amount of feed consumed would be valid, but 
with rations varying as widely in the percentage of crude fiber 
as the corn and alfalfa rations, the adoption of such an assump- 
tion evidently leads to an error of undetermined magnitude. 
However, the method of correcting the absorbed nitrogen and the 
nitrogen balance, by the use of the factor for metabolic fecal 
nitrogen obtained on nitrogen-free rations, undoubtedly gives 
values nearer the truth than if no such corrections were made, 
since the actual metabolic fecal nitrogen on the experimental 
rations containing protein was very probably greater per 100 
grams of food consumed tlian the factors used. In computing 
the amount of metabolic fecal nitrogen shown in the tables that 
follow, the values for fecal nitrogen per 100 grams feed eaten in 
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period 1 in the case of each animal are applied to the data for the 
same animals in later periods.* 

If it is true, as seems probable from the meager data obtained, 
that the endogenous metabolism of the rat becomes less intense 
per unit of live weight as the animal approaches maturity, then 
in conducting investigations of the kind under consideration it 
would, no doubt, be advisable to introduce a metabolism period 
using a nitrogen free ration every six or eight weeks. With these 
data available it would be possible to make linear corrections for 
any changes in the requirement of the basal metabolism. In 
the tables showing the utilization of the proteins which follow, 
such corrections have not been attempted with the limited num- 
ber of data at hand, but should the data secured with rats 1 and 4 
be used for such a purpose, it would necessitate changes m the 
utilization coefficients given of not more than 1 to 2 per cent 
as a maximum. 

Palatability of rations. The results obtained in the six metab- 
olism periods during which nitrogenous rations were fed are 
summarized in table 8. 

From an inspection of the figures giving the amounts of feed 
consumed daily it is evident that all rations containing cotton- 
seed meal were readily consumed by the animals, attesting to 
the palatability of this feed, even when forming as much as 24 
per cent of the ration. WTien com was the sole source of protein 
in the ration the amounts of feed consumed were smaller than 
with any other ration. Ground corn seems to be less palatable 
to rats than whole com for the latter is usually eaten readily. 
Perhaps another reason why less of the corn ration was consumed 
than the alfalfa ration, for example, is that the. com ration was 
much more digestible and had a higher calorific value, so that 
less of it was required to supply the energy requirements. The 
ration in which cottonseed meal and corn were combined was con- 
sumed in greater quantities than the com ration but not so freely 
as the cottonseed meal ration. Alfalfa hay proved very palatable, 
as all rations of which it formed a part were readily eaten. 

* These values, as well as those for urinliry nitrogen, when being used for these 
calculations, were extended to one more decimal place than shown in table 7. 



T \BL10 8 


The utiliznlioyi of I In' jtrofcin.s o/ cotiotimud yuenl, corn, and alfalfa hay; 

summary of results 








o 

u 

fS 


i- 

p 

fc* L 

og 

'sr, a 

O « _ 
c « 
500 
s ® 0 
•J PB as 


KAT 

NCMBKK 

PRUJons 

KATION 

i-] 

C- & 

Ss 

PC &. 

< 

Vj 

Ur, 

O >* 

O 

a 5 
“ a 
u ” 

b. 

£ ^ 
m W 

PQ 

go 
? « 

ABSORBED 

TROGEK 

T.AINED 

o u 

>5 O 

W O 

C5 « 

O H 

ABSORBED 

RETAIKEO 






gram'* 

gra m 

rngm 

rngm 

tngm 

'per 

rent 

per 

cent 

1 

* » 

r 

3 

'Otfcoiiseod Ttioal 

9S 

9 50 

124 8 

54 5 

25.3 

04 

30 

2 

2 

-f 

3 


109 

8 02 

107.1 

3S 2 

30 4 

64 

19 

3 

2 

-f 

3 


127 

11 99 

109 0 

91 3 2.8 0, 71 

44 

Av'cra^rc 





111 

10 01 

133 8 

61 3 

27 9 

GO 

31 

1 

\ 


•"> 

( '(>1 touHoed meal -4 

114 

10 83 

125 9 

52 9 

i 

30,0; 07 

26 

2 

4 

r 

T) 

alfalfa hay 

120 

11 00 

131 7 

58 1 

35 7 71 

29 

3 

1 

-h 

3 


159 

15 68 

185 0 

89 5 

33 7: 67 

34 

Average 





133 

12 52 

147.5 

60 8 

33 3 

68 

29 

2 

0 

■7" 

7 

(Cottonseed meal 4 

130 

9 82 

124 3 

45 6 

38 2 

63 

21 

3 

6 

4- 

7 

alfalfa hay 4* corn 

180 

14 01 

173 0 

72 5 

39 4 

05 

27 

Average 





161 

11 92 

148 7 

59 0 

38 8 

64 

24 

4 

2 

+ 

3 

Corn 

118 

7 75 

118 9 

34 0 

22 8 

48 

15 

5 

2 

4- 

3 


108 

6 98 

105 9| 24 7 

27 1 

49 

8 

5 

2 

-4 

3 


115 

6 92 

104.5 

34 1 

20 3 

62 

16 

Average 





114 

7.22 

109 8 

31 1 

23 4 

49 

13 

1 

4 

-4 

5 

Oottonseed meal 4" 

129 

9 81 

141 4 

59 5 

24 9 

60 

30 

6 

4 

4- 

6 

corn 

118 

8 30 

127 8 

43 6 

29 2 

59 

21 

6 

4 

4- 

5 


124 

8 11 

120 2 48.9 

22 3 

60 

28 

Average 





1 124 

8 74 

129 8 

50 7 

25.5 

60 

26 

6 

6 

4 

7 

Cottonseed meal 4- 

139 

10 90 

136 9 

49 3 

34 9 

02 

18 

6 

0 

-4 

7 

alfalfa hay 4- corn 

141 

11 20 

140 S 

0^4,8 

25 1 

61 

28 

Average 





140 

11 05 

U19 

57.1 

30 0 

61 

23 

7 

2 

4“ 

3 

Alfalfa hay 

104 

9 42 

99.4 

37 2 

21 4 

60 

16 

8 

2 

"4 

3 


103 

8 09 

92 9j 33 7 

20 0 

58 

11 

9 

2 

4- 

3 


121 

12 55 

128 1 

01.2 

29.4 

70 

30 

Average 





109 

10 22 

100 8 

44 0 

23.6 

62 

19 

7 

4 

4“ 

6 

Alfalfa hay 4* corn 

115 

12 01 

149 1 

56 8 

23 3 

54 

20 

8 

4 

'f 

6 


118 

14.08 

175 8 

78 9 

23 3 

59 

28 

9 

4 

4- 

5 1 


134 

12 51 

106.0 

70 6 

32,7 

02 

29 

Average 



i 


122 

13 OS 

163.8 

68 8 

26 4 

58 

26 

8 

C 

4- 

7 

Alfalfa hay 4- corn 

142 

11 81 

152 0 

65.0 

27,0 

61 

26 

9 

6 

4- 

7 

4- cottonseed meiil 

154 

13.00 

184 O! 70 1 

38 0 

02 

29 

Average 





148 

12 83; 

1 1 

108 3 

70 0 

33.0 

01 1 

27 


677 



578 


W. B. NEVENS 


Utilization of proteins. In the summary of results shown in 
table 8 two methods of calculating the utilization of the proteins 
fed are included for comparison, although, for reasons discussed 
above, the second method, namely, the utilization of the absorbed 
nitrogen for both maintenance and growth, is employed in the 
discussion here. 

The utilization of the nitrogen absorbed from a cottonseed 
meal ration containing 10 per cent of crude protein was found to 
be 66 per cent, using the average results of six metabolism 
periods with three rats. The utilization of the proteins of 
alfalfa hay was found to be only slightly less than that of 
cottonseed meal, namely, 62 per cent. 

When these two feeds were combined in such proportion that 
each furnished about an equal amount of digestible protein to 
the ration, very interesting results were secured, indicating a 
slight supplementary effect of the proteins from these two sources. 
This effect was not pronounced, the utilization percentage 
being 2 per cent above that of cottonseed meal alone and 6 per 
cent above that of alfalfa hay alone. It is noted that during the 
periods when the cottonseed meal alfalfa hay ration was fed, 
greater quantities of feed were consumed and larger amounts of 
nitrogen weie absorbed than with either the cottonseed or 
alfalfa hay rations alone, which may in some unknown way have 
operated in effecting a more efficient utilization of .the nitrogen, 
although the same conditions hold true in the case of both groups 
of rats which received cither the corn or the alfalfa ration during 
two periods and were then changed to rations containing proteins 
from both sources. 

It was found that the proteins of corn were utilized the least 
efficiently of those of the three feedingstuffs compared. When 
com was combined with cottonseed meal or with alfalfa hay the 
resulting utilization coefficients tended toward a mean of the 
utilization coefficients secured with these feedingstuffs when 
fed alone, but were nearer that of the feed other than corn. For 
example, the utilization coefficients found for the com and 
cottonseed meal rations were 49 per cent and 66 per cent 
respectively, the mean of these two being 57.5 per cent, but 
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iho utilization coefficient found for the cottonseed meal-com 
ration was 60 per cent. Possibly this represents a slight 
supplementary relationship. 

The results obtained with the ration in which cottonseed 
meal, corn and alfalfa hay were combined were remarkably 
uniform. Of the twelve values obtained with rats receiving this 
ration during two metabolism periods each, the low'est value was 
57 per cent and the highest 67 per cent, the average of all being 
63 per cent. The combination of the proteins from three dif- 
ferent sources failed to indicate any farther supplementary effect 
of the proteins. 

The high nutritive value of the proteins of cottonseed meal 
manifested by these experiments is in substantial accord with 
the conclusions of Richardson and Clreen (1), Osborne and 
Mendel (3, 4, 5, 6) and McCollum and Simmonds (6). They do 
not seem to be in harmony with the findings of Hart and Hum- 
phrey f8) who studied the utilization of the proteins of cottonseed 
meal for milk production, but since growth and milk production 
are dissimilar functions an ab.solute comparison of the results of 
the two experiments is not valid. 

Correlation of chemical composition with nutritive value. In 
seeking for an explanation of the differences in the nutritive value 
of the proteins of these feedingstuffs based upon differences in 
their chemical makeup, it is evident first of all that their nutri- 
tive values do not vary so widely as the analytical data at hand 
would indicate. For example, the differences found between 
the utilization of the proteins of cottonseed meal and alfalfa 
hay was but 4 per cent, while from an examination of the data 
in table 5 of a preceding paper, it is apparent that cottonseed 
meal contains more than twice as much arginine nitrogen and 
nearly twice as much histidine nitrogen as alfalfa hay, while the 
latter contains more than three times as much nonprotein nitro- 
gen as the former. 

Several theories may be advanced in explanation of this ap- 
parent inconsistency. In the first place, alfalfa hay is shown 
to have a lower digestibility than either cottonseed meal or corn. 
There is no evidence to preclude the possibility that the char- 
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acter of the nitrogen absorbed from alfalfa hay differs qualita- 
tively from that remaining in the undigested residues. Judging 
from the ease with which tyrosine is split off from proteins in 
tryptic digestion in vitro, it is possible that the absorbed nitro- 
gen contains a greater proportion of amino acids essential to the 
body than the unabsorbed portion. Further, the sterochemical 
arrangement of the amino acids in the protein molecule may 
affect the extent to which the digestive enzymes are able to 
cause hydrolysis of the different proteins. A second considerar 
tion is the possible interchangeability of the various forms of 
nitrogen in nutrition, as already pointed out in the case of arginine 
and histidine. To what extent the nonprotein nitrogen of alfalfa 
hay is utilized in maintenance is problematical, but since there is 
no reason to doubt that the degradation products of crude 
protein are able to serve in this capacity, it is possible that a large 
part of the absorbed nonprotein nitrogen fulfills some of the 
requirements of the animal body. 

It is reasonable to assign the higher content of the basic amino 
acids of cottonseed meal as the reason for its superiority over the 
proteins of alfalfa and corn. In the case of the last mentioned 
feedingstuff, there is the additional factor of a comparatively 
low lysine content to be considered, although from the studies 
of Osborne and Mendel concerning the lysine requirements 
for growth, a lysine content of 2.2 per cent of the protein appears 
to be ample for normal growth. 

In the absence of further information respecting the char- 
acter of the mono-amino acid and nonprotein nitrogen content 
of these feedingstuff s, a detailed picture of which the Van Slyke 
analysis does not include, correlations between the chemical 
composition and nutritive value of the protems of feedingstuffs 
can proceed little beyond the realm of the functions and rela- 
tionships of the basic ammo acids. 

Comparison of feed consumption with that of farm animals. It 
was noted during the course of this investigation that the rats 
consumed an enormous amount of feed in proportion to their 
live weights. In some few cases the amoxmt of air dry feed 
eaten daily was equivalent to as much as 10 or 11 per cent of the 
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live weight. It seemed of interest to compare the feed consump- 
tion of albino rats with that of farm animals. Such a comparison 
is made in table 9. The tabulations of horses and cattle include 
in each case two entries of the same group of animals at dif- 
ferent ages and weights. It is known that the horses and cattle 
were restricted in the amount of concentrates consumed but were 
offered roughage to practically the limit of their appetites. Hence 
a comparison of the feed consumption of these animals with that 
of the first group of rats, which were the ones concerned in this 
investigation, is warranted, but the data are indicative only. 
Data for the amount of feed consumed by the swine, sheep and 
second group of rats is not at hand. 

It is evident from the data presented that the rat is a voracious 
eater, even when receiving rations comparable to those of farm 
animals. A rough approximation places the relative amounts 
of feed eaten by rats as about three times that of various breeds 
and classes of farm animals, if swine be excepted. The fact is 
also brought out, as has previously been noted by others, that 
the young animal consumes' much more feed in proportion to 
live weight than when older and heavier. 

Cottonseed meal probably not toxic to albino rats. None of the 
rations containing cottonseed meal seemed to exert any harmful 
influence upon the rats consuming it. Three of the animals 
received continuously for 7 weeks rations containing from 7.7 
per cent to 23.9 per cent cottonseed meal with no evidence of 
toxic symptoms but remained in excellent nutritive condition. 
This observation is in agreement with those of Richardson and 
Green (1) and Osborne and Mendel (5). 

SUMMARY OF THE DISCUSSION OP THE NUTRITIVE VALUE 
OF. THE PROTEINS 

Evidence is presented to show that metabolism experiments 
with the rat as a subject can be carried out with a high degree 
of accuracy. 

Different methods of expressing the nutritive value of the 
proteins of feedingstuffs are discussed. The plan of employing the 
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results secured in a preliminary and final metabolism period 
during which the animal receives a nitrogen free ration, for the 
calculation of the percentage of the absorbed nitrogen utilized, 
is favored. In comparing the nutritive value of the combined 
proteins of the feedingstuffs cottonseed meal, alfalfa hay and corn, 
it was found that when one of these feeds furnished the sole 
source of protein in rations containing 10 per cent of crude pro- 
tein, the utilization of the proteins for the growth of albino rats 
was, in the order in which the feedingstuffs are named, 66 per 
cent, 62 per cent and 49 per cent, respectively. 

When rations containing these feedingstuffs, combined in 
various ways, but with each feed furnishing an equal amount of 
digestible protein, were fed, there was evident no clear cut sup- 
plementary effect of the proteins of one feed upon another, 
except in the case of the combination cottonseed meal and alfalfa 
hay, which showed a slight effect. 

No symptoms of toxicity were noted as a result of feeding 
rations containing cottonseed meal over a period of seven weeks. 

When suitable rations are provided, the albino rat consumes 
an enormous amount of feed in proportion to its live weight. 

The writer desires to express his appreciation of the assist- 
ance of Dr. H. H. Mitchell in outlining the method used in 
this investigation and for many helpful suggestions. He is also 
indebted to Dr. H. S. Grindley for his encouragement and gen- 
eral supervision of the thesis problem. 
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DAIRY NOTES 
J. W, HENDRICKSON 
University of Nebraska, Lincoln, Nebraska 

The following appointments and resignations are reported by the 
Dairy Division, United States Department of Agriculture: 

Appomtments 

P, N, Peter, a graduate of Maryland State College, who has taken 
post-graduate work at Yale University, has been appointed for chemical 
research work in connection with dair>'^ by-products. Mr. Peter was for- 
merly employed in research work at the Picatinny Arsenal, Dover, N. J. 

M. H. Fohrman, a graduate of the University of Missouri with a 
master’s degree also from that institution, has been appointed to assist 
in the cattle breeding experiments conducted by the Dairy Division. 
Mr. Fohrman came from the University of Minnesota vrhere he was 
employed as assistant professor of dairy husbandry and supt. of offi- 
cial testing. 

W, E. Wintenneyer, a graduate of Pennsylvania State College, who 
for several yeai's has been engaged in extension work, has been appointed 
to assist in the organization of bull associations. 

Earle 0. Whittier, a graduate of the University of Maine, with a 
master’s degree from that institution, has been appointed for chemical 
research work on the utilization of dairy by-products. Mr. Whittier 
served as instructor in chemistry at Simmons College, and as research 
chemist with the E. I. du Pont De Nemours Company before coming 
to the Dairy Division. 

Robert E. Hardell, a graduate of the University of Wisconsin, who 
specialized in dairy manufacturing, has been appointed for experi- 
mental cheese investigations in the Dairy Division. 

Stavley Evans, a graduate of Ohio State University, who specialized 
in daiiying, has been appointed for experimental cheese work at the 
Grove City (Pa.) laboratory of the Dairy Division. 

L. S. Edwards, has been reappointed for creamery extension work in 
Mississippi and Louisiana. 
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DAIHY NOTES 


Resignations 

C. L. McArthur^ who has been engaged in bacteriological investi- 
gations in the Dairy Division since 1918, has resigned to accept a posi- 
tion with the F. X. Bauniert Cheese Co., Antwerp, New York. 

H, F. ZolleVy who has been engaged in chemical research work in the 
Dairy Division for the past four years, has resigned to accept a posi- 
tion with the Parke-Davis Co., Detroit, Mich. 

Miss Louise G, Holbrook^ who has been engaged in extension work 
in the greater utilization of milk, under the direction of Miss Jessie 
M. Hoover, has resigned, effective July 20, 1921. 

E. H, Parfitty who has been employed on cheese investigations for 
the past 15 months, has resigned to accept a position in dairy manu- 
facturing at Purdue University. 

Dr. H. A. Ruehe, head of the Department of Dairy Husbandry of 
Illinois has just returned to his duties after a year leave of absence in 
which he was pursuing work for his doctorate degi*ee at Cornell. 

Dr. W. B. Nevens, who was foimerly in charge of dairy production 
work at the University of Nebraska has completed his graduate work 
and has also accepted the position of Assistant Professor of Dairy 
Nutrition at the University of Illinois. 

Professor H. P. Davis formerly of the Dairy Department of Idaho 
University and of the Dairy Division at Washington, D. C., has accepted 
the position of Chairman of the Dairy Department* at the University 
of Nebraska. 

A recent number of the Jouknal has a list of instructors in most of 
the institutions in the United States. 

The following list of instructors was reported for Illinois on August 
12, 1921: 

♦ 

Dairy Department Staff y Urbanay Illinois 

H. A. Ruehe, Ph.D., Professor Dairy Manufacturing, Head of 
Department 

M. J. Prucha, Ph.D., Professor Dairy Bacteriology 

W. J. Fraser, M.S., Professor Dairy Farming 

W. L. Gaines, Ph.D., Professor Milk Production 
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W. W. Yapp, M.S., Assistant Professor Dairy Cattle 

O. R. Overman, Ph.D., Assistant Professor Dairy Chemistry 

A. S. Ambrose, B.S., Associate Dairy Manufacture 

C. S. Rhode, B.S., Assistant Professor Dairy Husbandry Extension 
H. A. Ross, B.S., Associate Dairy Economics 
Mason H. Campbell, M.S., Associate Dairy Husbandry 
R. W. Peterson, B.S., Associate Dairy Husbandry 

B. A. Stiritz, B.S. Associate Dairy Manufactun; 

P. H. I'racy, B.S., Assistant Dairy Manufacture 

W. B. Nevens, Ph.D., Assistant Professor Dairy Nutrition 
F. P. Sanmann, B.S., Assistant Dairy Chemistrj' 

H. F. Hall, B.S., Assistant Dairy Economics 
F. A. Davidson, B.S., Assistant Dairy Husbandry 
J. M. Brannon, Ph.D., Associate Dairy Bacteriologj' 
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